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CHAPTER:1 
INTRODUCTION 
Cereals provide a basic food for the greater part of the 
world's population and different cultivars (varieties) which have 
been selected over thousands of years, are grown in varied geo-
agroclimate zones from cold ternperates to hot serni—arid tropics in 
diverse soil conditions. Cereals not only satisfy the hunger of 
the world population but are also a rich sources of vitamin, 
protein, carbohydrate, fat and irnportanat minerals. 
Amongst cereals, the wheat and rice constitute the major 
bulk in terms of production and acreage. The wheat has been 
the stuff of life for countless number of human beings right from 
the dawn of history, when man first turned from an arboreal or 
nomadic life to settled agriculture based on cultivation of 
plants and domestication of animals. It is usually accorded 
premier place among cereals because of vast acreage devoted to its 
association with some of the earliest and most important 
civilisation of the world. If the rice is the staple food of half 
of the world, wheat is the chief sustenance of the other half. 
In terms of production and acreage wheat occupies the prime 
position among the food crops in the world. In India, it is the 
second most important food crop being next to rice and contributes 
to the total food grain production of the country to the extent of 
about thirty two per cent. 
Wheat, Art important rabi crop of India, is grown in over 
twenty three million hectares. Uttar Pradesh, Punjab, Haryana, 
Bihar together with Gujrat and West Bengal are the states which 
account for about ninty six per cent of the country's wheat 
product ion. 
The rnaxirnurn area under wheat is the Uttar Pradesh followed 
by Madhya Pradesh, Punjab, Bihar, Haryana and Rajasthan while, the 
maximum production (19S8-fl9) is also noticed in Uttar Pradesh 
(36. 5-/.) followed by Punjab (£1.4"yC), Haryana (11.5-/4), Madhya 
Pradesh (&.&'/•), Rajasthan (7.3%) and Bihar (6. 65C). The highest 
productivity of 3,668 Kg hectare is obtained in Punjab followed 
by 3,406 Kg hectare" in Haryana, 2,250 kg hectare" in Uttar 
Pradesh, 2,£40 Kg hectre" in Rajasthan, 2,803 Kg hectare" in 
West Bengal and 1,684 Kg hectre in Bihar compared to All India 
Average Yield of 2,241 Kg hectare (Venkataramani, 1989). 
Another matter of concern has been the existing gap in 
meeting nutritional requirements against the calorie intake of 
2,594 per capita per day at the global level and 2,484 calories 
in Asia, India's intake amounts only to 2,204 calories. The 
protein availability is declining sharply in the country, with 
current level at 36.2 g per day against recommended consumption 
of 80 g per day. On the other hand, the per capita food grains 
consumption has been almost stagnant or at best rising very slowly 
i.e. the availability of food grains which was 168.3 Kg per capita 
per annum in 1960-61 has risen only to 172.6 Kg in 1988-89. 
Though the total production of food grains has increased 
between the quinquennium 1950-55 to 1985-90 by 2.6 per cent per 
armurn, the population has increased by 2.25 per cent per annum, 
and it is expected that by 2000 ft.D.the food grain requirement of 
the country will be around 225-230 million tonnes. Of 75 million 
tonneB or 33 per cent will have to come from wheat alone, an 
increase of nearly 21 million tonnes in the last decade of the 
century. In this context the need for redoubling efforts in 
enhancing wheat production and in promoting agrarian prosperity 
is obvious. The task will, however, be not an easy but still 
there is ample scope in enhancing the wheat production by 
bridging the gap between the potential and the actual yields 
recorded through technological and policy changes. The 
productivity of wheat per hectare is still not encouraging in 
context of some of the developed countries such as United Kingdom, 
France, Ger^many, and Japan where the production per hectare is 
recorded as 6600, 6348, A475 and 3468 Kg, respectively 
(Tandon, 1331) 
According to Laster R. Brown (The State of World, World 
Watch Institute; Swaminathan, 1990) the global food security 
situation will be a cause for concern during this decade and the 
world could be losing 14 million additional tonnes of food grain 
output every year because of land degradation and crop damage. 
Thus, according to Brown the production scenario is beset with 
ecological, technological and demographic problems and the demand 
scenario features a high growth rate in food requirements. Such a 
situation will lead to dwindling global food reserves an 
escalation in the cost of food grains and other agriculture 
comrnodit ies. 
fl great proportion of wheat is damaged by diseases and pests 
G-^Bry year either in the field or during subsequent storage 
(Dobrornyslof f, 1332; De Ong, 1353; Russel,1956; Christensen, 
1957, 1965, 1967, 197S, 1973; Christensen and kaufrnann, 1969; 
Cramer, 1967; ftdcock 1968; De Ternpe, 196A; Girard, 1969, 1971, 
1973, 1974; Neergaard, 1977; Singh, 1983; Singh and Tyagi, 1984; 
Joshi et. ai.. , 1983; Singh et. al.. , 1986; Irshad et. al_ 1988; Herrera 
and Quiroz, 1988; Rao et. al.. , 1989; flsh & Brown, 1990; Patterson, 
1990). 
Of various diseases, the losses incurred by seed-borne 
pathogens cannot be under estimated. In general, seed—borne 
disease may be caused by Fungi, Bacteria, Viruses and ftnimals 
(insects, eelworms etc.). According to Bilgrami et. al •. (1980) 
the world's loss in food commodities due to various cause is about 
twenty per cent, of which, more than fifty per cent is due to the 
growth of moulds alone. Amongst various seed—borne diseases, the 
major proportion of losses to crops come from the fungi. The fungi 
are ubiquitous organisms exhibiting great diversity and 
variability. Some of them produce structures such as spores that 
can survive for fairly long period of years. Others have spores, 
that are easily disseminated by wind, water, soil, insects and 
animals including man. The plants may be subject to infection by 
one or more fungal pathogens and any parts of a plant may be 
attacked, furthermore, seedlings or mature plants are also liable 
to infection. ft variety of disease causing agents have been 
reported to be carried through seeds (Christensen and Kaufrnann, 
1969) and render them diseased. 
Storage of grains is must for any country whether deficient 
in food grains or in excess, not because their harvesting is 
seasonal but also to cope up with the natural calamities and 
abnormal circumstances. 
Spores of fungi and other microorganisms are present as 
externally or internally on seed. Under adverse conditions these 
microorganisms may be present as thick walled resting spores and 
that may multiply further on the availability of suitable moisture 
and temperature. Fungal spores simply adhere either to the surface 
of the seed or as intercellularly or intracellularly in the seed 
tissue and developed during and after germination of seed or 
results in biodeterioration during storage. However, the nature of 
damage will depend upon the type of fungi present on the seed or 
grain. Generally, the seed-borne fungi is classified into two 
groups i.e. i) the "field fungi" and ii) the "storage fungi" 
(Christensen and Kaufrnann, 1965 and Christensen, 197£). The field 
fungi invade the seeds as they are developing on the plants in 
the field or after they mature, but before their harvest. The 
field fungi may discolour the seeds, cause death of the ovules, 
shrivelling of seeds or kernels, weakening or death of the embryos 
and development of compounds toxic to man and animals (Christensen 
and Kaufrnanri, 1969) . 
The storage fungi do not invade grains to any appreciable 
degree or extent before harvest, although exceptions rnay occur. 
The major effects of storage fungi upon seeds are decrease in 
germination percentage, reduction in malting barley and in 
discolouration or damaged embryo of whole kernels or seeds which 
may constitute a health hazard for man and their livestock. They 
also cause heating which usually is accompanied by drastic 
reduction in quality and complete spoilage (Christensen, 197£). 
Wheat are attacked by a number of fungal pathogens causing 
considerable losses throughout the world. The important pathogens 
of them being the rust (stem rust caused by Puccinia graminis 
Pers. f. sp. trit ici Ericks and Henn., leaf rust or brown rust 
caused by Puccinia recondita Rob. ex Desm. f.sp. trit ici). the 
smuts (loose smut caused by Ust ilaao trit ici (Pers.) Rostrup Csyn. 
Ust ilaqo nuda(Jensen) Rostrup var. trit ici Schaf., Ustilago 
seqetum (Bull.) Rousell var. trit ici (Pers.) Brun.D5 the bunt 
(common bunt caused by Tillet ia trit ici (Bjerk.) R.Wolff. Csyn.T. 
caries (DC.) Tul.D, Til let ia laevis Kuhn Csyn. T. foetida (Wallr. ) 
Liro. 3, dwarf bunt caused by Tilletia controversa Kuhn, Karnal 
bunt caused by Ti11et ia indica Csyn. Neovossia indica (Mitra) 
Mundkur]) ; fusaria includes Fusasriurn graminearum Schwabe, F. 
nivale (Fr.) Ces., F. moni1iforme Sheldon, F. culworum (W.G. Sm. ) 
Sacc., F. equiset i (Corda) Sacc., F.oxysporum Schl., F. avenaceum 
(Fr. ) S a c c , F. poae (Peck.) Wollenw. , F. solani (Mrt.) S a c c , F. 
sporotrichoides Scherb, , F. trincinct urn (Corda) Sacc. causing pre-
arid post-emergence death of seedling, foot rot, head blight and 
scab; root rot caused by Cochliobolus sat ivus <Ito and Kurib. ) 
Drechsler ex Dastur (anarnorph Bi polar is sorokini ana <Sacc) Shoern. 
Csyn. Helrninthospori urn sat ivurn Parnrnel, King and Bakke, H. 
sorokini ana Sacc- , Dreschslera sorokini ana (Sacc. ) Subrarn. and 
Jainl ; take all caused by G a e u rn an no rn v c e s grarninis Sacc. v. firx. 
and Olivier var. trit ici J. Walker (syn. Oph iobol us grarninis DC. 
f • sp. trit ici Marchal ; glume blotch caused by Leptosphaer ia nodorurn 
Muller (anarnorph: Sept or i a nodorurn (Berk.) Berk.); Septoria leaf 
spot caused by Mycosphaerel la orarninicola (Fuckel) Schroter 
(anarnorph: Septoria trit ici Roberge) ; black point mainly caused by 
flitBma\ria alternate (Fr. > Keissler, Botrytris cinerea Pers. ex 
Pers., Curvularia 1unat a (Walker) Boedijn, Drechslera sorokiniana 
and Fusariurn spp. and leaf blight caused by ftlternaria 
triticina (Prasada and Prabhu). 
Karnal bunt and fllternaria leaf blight are two important 
pathogens of wheat taking heavy toll every year. Karnal bunt 
(caused by Ti1 let ia i nd i ca Csyn. Neovossia indicaJ). first 
reported from Karnal (Haryana) in India, is now a serious seed-
borne disease of wheat in major wheat growing regions of the 
country, particularly in north Indian states like Jammu and 
Kashmir, Haryana, Uttar Pradesh, Himachal Pradesh and Rajasthan 
(flujla et. al.. , 1977; Singh et. ai.. , 1977, 1978, 1981; Bedi and 
Dhiman, 1982; Singh, 1989). From 1931-68 there have been sporadic 
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reports of its occurrence in the northern part of India. However, 
during the year 1969-70, the disease assumed serious proportion in 
many places in riC'Y^theY^r\ belt particularly in the Himalayan foot 
hills and Tarai region of Uttar Pradesh and Hirnachal Pradesh 
(flgarwal et. al. , 1976; Singh et_ al. , 1977). Swaminathan et. al. , 
(1971) reported 4 per cent infection during 1970 while, ftgarwal et 
al., <1976) observed 15-23 per cent infection in experimental 
fields at Govt. Regional Agriculture Experimental Station, Hardoi 
during the crop year 1973-7A to 1975-76. The infection further 
increased to 39 per cent during 1977-78 (Singh et^ al.. 1981). 
Singh (1989) collected 579 samples from different research 
stations in Uttar Pradesh. He found £45 (AS.3 per cent) samples 
infected with Karnal bunt. The infection ranged between 0.03 to 
34.67 per cent for the year 1987. The highest per cent infection 
on grains i.e. 34.67 and 33.40 was on variety UP-2003 and HD—£009, 
respectievly. This was followed by 4.46 ,3.94 and S. 99 per cent on 
var. HD-££04, UP-262 and RR-21, respectively. The year 1988 being 
a dry with little rains resulted in less infection. Singh (1989) 
obtained 10.8 per cent (109) samples infected out of 1004 samples 
collected from 16 districts of Uttar Pradesh with a range of 
0.00003 to £.56 per cent infected grains. The highest infection 
recorded was 2.56 and 2-10 per^ cent for var^. HD-2347 and HD-2553, 
respectively in samples from Bijnore district and 2.50 per cent in 
•vsr. HD-2329 in samples collected from Moradabad district. 
Therefore, indications are that the disease severity will be 
increasirig iri northern and north western belt. Some of the high 
yielding varieties have been found to be susceptible to this 
disease which could explain the increase in incidence (Singh et 
al. , 1978; Singh et_ al_. , 1981). This disease is also reported from 
some of the neighbouring countries viz., Pakistan, Iraq 
(Commonwealth Mycological Institute, 1974), Afghanistan (Loke and 
Watson, 1975), Lebanon, Syria (Nath et. aj^. , 1981), Swedan, Mexico 
and Turkey (Lambat et. al. . 1983). The literature on Karnal bunt 
has been reviewed by Joshi et_ al. , in 1983 and Warham in 199£. 
Leaf blight caused by fllternaria trit icina is now well 
established pathogen in almost all the wheat growing regions of 
the country, particularly in eastern and central belt. Though, 
this disease is not entirely new to India, there is enough 
evidence in literature of its existence since 1924 (Kulkurni,19£A; 
McRae, 19i24) . Apparently, it was ne^/er a serious threat to wheat 
crop and, therefore, little or no effort was made to study its 
etiology, and even the pathogen was not correctly identified. It 
was often confused with Qltemaria tenius. Its sporadic occurrencs 
was reported in 1950 from Kanpur (Uttar Pradesh), in 1956 from 
Cuttack (Orissa) and in 1950 from Andhra Pradesh (Benerraj, 
1960). Later, this disease spread in epidemic form in Maharashtra, 
Bihar and West Bengal (Prabhu, 196£). Prasada and Prabhu in 1962, 
for the first time, correctly identified the species and named it 
=«s trit icina species of Alternaria genus. With the introduction of 
new rust resistant dwarf mexican varieties in early sixties, the 
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pathogen became problematic arid almost all mexican varieties were 
fourid susceptible. Bhomick (1969) reported £ per cent natural 
infection but in field experiment Chenulu et. al_. , <1970) observed 
36 to 93 per cent losses in yield depending upon the time of 
inoculation. The losses were highest when infection took place at 
boot stage and lowest when infection followed by ear emergence 
(Chenulu and Singh, 1964). Losses upto 60 per cent was recorded by 
Sokhi (1974), £4.£ per cent by Ram and Joshi (1977) and 2 to 10 
per cent by Ram and Joshi (1979). However, the losses upto 90 per 
cent were recoreded when ftlternaria trit icina and Helminthosporiurn 
sat ivum were present together (with 4S.5 to 65.6 pev cent losses 
due to A. trit icina alone (Prabhu and Singh, 1974). Losses upto 99 
per cent due to ft- trit icina were recorded by Chenulu and Singh 
(1964) in highly susceptible varieties under artificial condition 
of inoculation in pots at boot leaf stage. Losses to the extent of 
100 per cent due to this fungus were also observed under 
artificial inoculation condition by Agarwal et_ al. . (1976). ft 
complete loss of wheat crop grown in 300 hectares in Vidharba 
region was reported by Raut et. al. . (1983). Heavy natural 
infection was also reported by Singh et^ al. . (1990) from Pusa 
(Bihar). It is now considered as one of the major limiting factors 
for the release of improved high yielding rust resistant varieties 
having durum blood. 
This pathogen has not been detected from any country other 
than India till 1978 when Anahosur (1978) for the first time 
intercepted it from Northern America and Middle East and Waller 
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(1981) encountered it in South America. Later, Frisu-llo (1388) 
reported fv^ orn Southern Italy on durum wheat. Rashid et_ al.. , 
(1985); Basak et. al-, (1987) and Rashid et. ai.. , (1988) also found 
it in Bangladesh. Recently, its occuTrrence in the samples 
collected from Meditterrean Countries viz., Egypt, France, Greece, 
Italy, Portugal, Turkey and Yugoslavia, was reported fay Logrieco 
et al. , (1990). 
'Black point' or 'Kernel smudge' or 'moucheture* is one of 
the principal reasons for down grading in durum wheat (Machacek 
and Greaney, 1938; Greaney and Wallace, 1943; Brentzel, 1944; 
Hanson and Christensen, 1953; Adalakha and Joshi, 1974; Agarwal et 
al.. 1987), soft spring wheat (Minz, 1944; Conner, 1987; Conner 
and Davidson, 1988; Madariaga and Mellado, 1988; CoYineir, 1989) and 
in hard red spring wheat (Machacek and Greaney, 1943; Conner and 
Whelan, 1989) all over the world. The infected kernels showed 
brown—black discolouration towards germ end and in extreme cases, 
the discolouration extended to entire kernel (Drechsler, 1923; 
Rosella, 1930). The infection also resulted into, loss of weight 
or increase in weight of the kernels (Pdlakha and Joshi, 1974), 
shrivelled seeds (Adlakha and Joshi, 1974; Huguelet and Kiesling, 
1973), increase in nitrogen content, -amylase activity, decrease 
in proteolyctic activity (Lorenz, 1987) and loss in germination 
(Machacek and Greaney, 1938). It also lowers the quality and 
interferes the milling and baking properties of grain (King et 
al.. 1981; Canada Grains Council, 1982). 
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The disease has been fourid to be caused by a number of fungal 
species which includes fllternaria tenuis (Miege, 1S30; Zilling, 
1932; Bockmann, 1933), ft. peqlionii (Curzi, 1926; Miege, 1930; 
Laurnont and Murat, 1934), P. trit icina <Rana and Sengupta, 1982), 
ftlternaria sp. (Raj and Chakraborti, 1982), Acrewonine11a sp. 
(King et. al.. , 1981), flsperoi 11 us sp. (King et. aj.'» 1981), 
ftscQchyta sp. (king et_ al. , 1981), ftureobasidi urn sp. (king et_ al. , 
1981), Bipolar is sp. (Klein, 1987), Botrytis cinerea (King et_ al. , 
1981), Cladosporium herbarum (Bockmann, 1933), Cladosporiurn 
OKVsporurn (ftgarwal ej^ al. ^  1987), Cladosporium sp. (King et. al. , 
1981), Curvularia lunata (Agarwal et. al.. 1987), Curvularia 
pallescens (Hasija, 1963), Curvularia sp. (Rana and Sengupta, 
1982), He1minthosporium sativum (Drechesler, 1923; Dastur, 1935), 
H- trit ici-repent is (Gallowy, 1936; Klein, 1987), Drechslera 
tetramera (ftgarwal and Yadav, 1987), Epicoccum sp. (klein, 1987; 
Grabarkiewicz-Szczesna et. al. . 1989), Fusarium moni1iforme (king 
et al. . 1981), F. nivale (King et. al-, 1981), Fusarium sp. 
(Dastur, 1935; Klein, 1987), Macrosporium sp. (Oelofsen, 1950), 
Qphiobolus sp. (Dastur, 1935), Penici 1 H u m sp. (Klein, 1987), 
Pleospora herbarum (Lorenz, 1987), Pleospora sp. (Oelofsen, 1950), 
Stemphvlium sp. (Dharamvir et. al. , 1968 and King et. al. , 1981), 
Sept or i a sp. (king et. al.. , 1981) and Trichothecium roseum (King et 
al.. 1981). The relative importance of these fungi varied with 
year, location, atmosphereic humidity, soil humidity, size of 
grain and precipitation etc. (Healy, 1947; Hanson and Christensen, 
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1953; Conner and Kuzyk, 198B and Conner, 1989). 
Hyphae were found inside all components of seeds 
including the embryo as inter and intracellularly (Bose, 1956; 
Agarwal et. al. , 1987). MycotoKins viz., filternariol and 
fllternariol methyl ether has also been detected from infected 
grains (Grabarkiewicz-Szczesna et_ al., 1988). Losses in various 
proportion have been observed all over the world including India 
(Bolley, 1913; Miege, 1930; Machacek and Greaney, 1938; Conners, 
1941; fidarn, 1950; Oelofsen, 1950; Hanson and Christensen, 1953; 
Bose, 1956; Bhomick, 1969; Gill and Tyagi, 1970; fidlakha and 
Joshi, 1974; Huguelet and Keisling, 1973; King et. al. ^  1981; Rana 
and Sengupta, 19a£; Rees et. al. . 1984; Lorenz, 1987, Agarwal et_ 
al. . 1987; Agarwal and Yadav, 1987; Klein, 1987; Khanum et^  al. . 
1987; Conner and Kyzyk, 1988; Conner and Davidson, 1988; 
Grabarkiewicz-Szczesna et. aj.. , 1988; and Conner, 1989, 1990). 
In view of the importance of the crop and the losses 
caused by seed-borne fungi, it is necessary to continue studies on 
seed mycoflora. This is all the more important in the event of 
development of new varieties. Moreover, very little work has been 
done on A. trit icina. causing leaf blight and its association with 
black smudge of wheat, particularly in India. It is necessary to 
make a detailed survey of the untreated and pretreated seed— 
mycoflora of wheat and etiology of A. trit icina. causing leaf 
blight. Therefore, in the present studies the following aspects of 
wheat seed mycoflora and specially with respect of A. trit icina 
lA 
have been studied: 
I. Survey for the incidence of ftlternaria trit iciria on wheat 
seeds and leaves from fields around Pligarh district 
II. Studies on rnycoflora of seeds collected from different 
localities by dry seed examination, seed washing 
test, incubation test and their effect on seed germination 
III. Efffect of seed treatment with antibiotics, fungicides and 
plant products on seed rnycoflora 
IV. Studies on: 
a) relation of A. triticina with black point; 
b) location of ft. trit icina on and in the seeds; 
c) penetration of ft. triticina on leaf; 
d) viability and perennation of inoculum; 
e) screening of wheat cultivars agaist ft. triticina; 
f) changes in amino acid and sugar content in plants as a 
result of infection with ft. triticina; 
g) effect of stage of growth of plants at the time of 
inoculation on development of disease caused by ft. 
trit icina: 
h) effect of different relative humidity on radial growth 
of ft. trit icina; 
i) effect of different periods of incubation on development 
of leaf blight disease of wheat; 
j) morphological and cultural characters of different 
isolates of ft. trit icina; 
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k) effect of different factors on growth and sporulat .ion of 
Q. t r i t i c i na ; 
1) effect of different fungicides and plant products 
incorporated in the medium on growth of 0. trit ici na; 
rn) effect of fungicides and plant products as seea 
treatment followed by fungicidal sprays on development 
of leaf blight disease of wheat. 
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CHAPTER:2 
REVIEW OF LITERfiTURE 
2- 1. The host 
2.1.1. Origin and histony 
The exact time and mode of origin of wheat is lost in the 
rnist of antiquity, as indeed is the case with most of our staple 
food crops. There is no doubt that the ancient civilization of 
Babylonia, Crete, Egypt, Greece and Rome were based on wheat as 
one of the principal food plants, while Chinese grew this cereal 
as long as £700 B.C. back. The ancient who were unaware of the 
slow evolution of man from a savage to highly civilized being, 
attributed the origin of wheat to a supernatural agency, while 
Egyptians believed its introduction to have been due to the Goddess 
Demeter and Tryptolemms. Duller (1919) refers to the annual 
festival of the Cerelia, which was celebrated by worshippers of 
Ceres, as Demeter came to be known in Italy. Furthermore, the fact, 
that samples of wheat have been found in the pre-historic human 
habitations notably in the rubbish heaps of lake dwellings in both 
Italy and Switzerland, provides convincing evidences that this 
cereal was cultivated even by pre-historic man. 
These and other archeological discoveries and linguistic 
evidences enable us to fix a hazy outline of the history of this 
most important cereal which has been tabulated in Table 2.1. 
2. 1.2. The genus 
Genus Triticum Linn. belongs to the family Poaceae Barnh. 
or Graminae Juss. nom.alt.(Poaceae comprises about 620 genera and 
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Table-S. 1-Lat in name, common name, chi"omosome number and earliest 
evidence of 15 species of wheat (after Mangelsdorf, 
1953) 
Lat i n 
name 
Tr 
I. 
1-
I. 
I. 
I. 
I. 
1-
1-
I. 
I. 
1-
I. 
1-
1-
iticurn aeqi loooides 
rnonococcum 
dicoccoides 
dicoccurn 
dururn 
Dersicurn 
t urqidurn 
DO1onicum 
t irnopheevi 
aest ivum 
sphaerococcum 
compacturn 
spelta 
macha 
zhukovskvi 
Common 
name 
Wild einkorn 
Einkorn 
Wild emmer 
Emmer 
Macaroni wheat 
Persian wheat 
Rivet wheat 
Polish wheat 
Common wheat 
Dwarf wheat 
Club wheat 
Spelt 
Makha wheat 
Chromosome 
number 
7 
7 
14 
14 
14 
14 
14 
14 
14 
SI 
£1 
21 
£1 
£1 
£1 
Earliest 
evidence 
Pre—agri cu1tura1 
4750 B. C. 
Pre—agricultura1 
4000 B.C. 
100 B. C. 
No pre-historic 
rema i ns 
Do 
17th centuary 
£0t h cent uary 
Neolithic period 
£50O B.C. 
Neolithic period 
Bronze age 
£Oth centuray 
£Oth centuray 
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10,000 species). It is distributed throughout the globe where 
plants can survive. Twenty species of the genus are known in 
Europe, Mediterranean and West ftsia, while in India, 8 species, of 
which 4 cultivated in warmer parts, 1 indigenous to Assam, 1 wild 
in Central India and Punjab, two introduced (Babu, 1977). 
Although A species of wheat viz.,T. aest i vurn (bread wheat), 
T. durum (macaroni wheat), T. d icoccum (emmer wheat) and T. 
sphaerococcum (dwarf wheat) are grown most commonly in India, the 
last species has almost gone out of cultivation and T. d icoccum 
grown only in small pockets of Maharashtra, flndhra Pradesh and 
Tamil Nadu. The main wheat species under cultivation in India ar^e 
T. aest ivum and T. dururn, of which the former species occupy about 
85 per cent of the total area under wheat. It is grown all ower 
the country from the sea levels upto elevations of 3,658 m in the 
Himalayas. The fact that the north—western belt of the Indian sub-
continent, between the Himalayan range and Hindu Kush Mountains, 
is regarded as the original home of the most important present day 
cultivated species of wheat. It is distributed all over the 
country, including the important wheat growing states viz.,Punjab, 
Haryana, Uttar Pradesh, Bihar, Madhya Pradesh and Rajasthan. 
While, T. durum types are grown in small pockets of Maharashtra, 
Madhya Pradesh, Uttar Pradesh and Rajasthan. 
Each commonly cultivated species is represented by 
innumerable number of botanical varieties and cultivars but with 
the introduction of rust resistant high yielding dwarf varieties 
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in sixties, the? tall converit ional type rust susceptible varieties 
are almost replaced by the dwarf ones. 
2.1.3. Grain Quality 
The wheat provides star-ch, pi-otein, mirjerals and vitamins. 
The wheat proteins ar-^e of special significance because of their 
importance in nutrition, providing the characteristic substance 
'gluten'. Wheat essentially contains five different classes of 
pv^oteins i) albumin ii) proteose iii) prolarnin (gliadin) iv) 
globulin and v) glutelin (glutenin). The gliadin and glutenin 
together with water and salts forms the well known substance 
' gluten' , 
2.2- Seed mycoflona 
2.2.1. Histo»~y 
The realisation of importance C'f seed—borne disease cari be 
dated back to pre-historic era whev^e references have been made in 
some of the religious book such as The Bible. The Jataka of 
Buddhism and books on Hindu Mythology mentioned about rusts, 
smuts, rnildewB etc. ' Vrukhsayurveda', a book written by Surapal in 
Ancient India, was considered as the first book about the plant 
diseases and their control through seed treatment with ashes, cow 
milk, honey, ghee snd dungs of cow, buffalo, sheep and goat 
etc. (Singh, 1978; ftnandalwar and Shetty, 1989). Even Shakespear 
in his writings had mentioned ear cockle disease of wheat (Stakman 
and Harrar, 1957), but without any proof of pathogenicity. 
Early writings of Remnant (1637) and Hellwig (1699) also 
indicated the seed—borne nature of some of the diseases such as 
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Claviceps purpurea (Fr.) Tul. on rye. The pioneer work of 
Micheli (1723) with Orbanche minor L. on beans; Tillet (1755) on 
Ti1 let ia spp. on wheat; Tozzetti (1767), Tull (1733) and Tessier 
(1783) on rusts and srnuts of wheat and oat and Prevost (1807) on 
smuts and bunts of wheat, established that disease causing agents 
wev-e carried through the seeds. Tulsane and Tulsane (1865) while, 
confirming the findings of Prevost doc- cit.), gave illustrated 
descriptions of rust and smut fungi which were seed-borne in 
nature. De Bary (1853), the father of modern plant pathology, 
while, revolutionizing the whole concept of plant diseases, 
proved that smuts and rusts of cereals were caused by plant 
pathogenic fungi. Frank (1883) demonstrated that the bean 
anthracnose fungus Co11etotrichurn 1indemuthianum was seed-borne 
while, Needham (17A5) for the first time intercepted nematode, 
flnquina trit ici on wheat seeds. Later, seed-borne transmitted 
nature of nematode, Ditylenchus dipsaci was confirmed by Kuhn in 
1857. 
Seed health as an international problem attracted the 
attention of the scientists in 1905 when the first meeting of 
International Analyst was held in M«in. In 1908, an association of 
official seed analyst of North America was organised. Later, the 
first Seed Testing Station was established at Wageningen 
(Netherland) and the first Seed Pathology Laboratory was set in 
1918 with fully equipped instruments, although a seed testing 
station was already in existing since 1869 in Saxony to determine 
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the purity of seed arid their germinating capacity (Malone and 
Muskett, 1964). In 1920, Leningard plant protection station was 
opened where Dorogin undertook the studies on seed-borne diseases 
of crops in Russia. 
Realising the importance of seed-borne disease many 
laboratories and research stations were established throughout the 
world and laws have been enacted to check their spread by various 
government, the first being the Switzerland in 1816 <Porter, 1949) . 
During the course of investigation besides fungi and 
nematodes, bacteria and viruses have also been reported as seed-
borne in nature. The first viral disease lima bean mosaic virus 
was suspected by McClintock (1916) and first bacterial pathogen 
recorded as seed—borne was Xanthomonas phaseoli causing common 
bean blight (Orton, 1931). Subsequently, several viral and 
bacterial diseases have been reported as seed-borne (Neergaard, 
1977). 
A variety of microorganisms like bacteria, viruses, 
nematodes and fungi tend to invade the seeds and render them 
diseased. Among the seed invaders the fungi constitute a major 
group. More than 150 species of fungi have been reported by 
Christensen and Kaufmann (1965) as actively engaged in bio-
deterioration of various seeds and grains of plant species. Pepper 
(1960) enlisted approximately ISO species of filamentous fungi and 
20 species of yeasts from barley Kernels alone. Malone and Muskett 
££ 
(1364) described 77 species of seed-borne fungi belonging to 60 
genera. Noble and Richardson (1968) listed 20 species which were 
isolated from seeds of soybeans, 32 species from maize, 34 species 
from rice, 29 species from sorghum and 2fl species from wheat. In 
the same publication he also listed 200 species of fllternaria 
isolated from different crop seeds. fllternaria has been a 
universal inhabitant of wheat kernels. In freshly harvested seed 
samples collected from USA, Canada, Mexico, Colombia, South Africa 
and several countries in Europe, species of ftlternaria were 
isolated from nearly all the surface disinfected kernels 
(Christensen and Kaufmann, 1965). Asperqi11 us and Penici11ium 
species have also been known to take part frequently on bio-
deterioration of most of the seeds (Christensen, 1957). Therefore, 
Christensen and Kaufmann (1969) stated that from a single grain of 
malting barley, tens of thousands of colonies of filamentous 
fungi, hundered of thousands of colonies of yeasts and several 
million colonies of bacteria have been isolated. Extensive studies 
have been made by McClintock (1916), Simmonds (1928), Doyer 
(1938), Bamberg (1936, 1941), Thomas (1937), Muskett and Malone 
(1941), Gordon (1952, 1954, 1960), Sreaney and Machacek (1946), 
Andersan (1948), Padmanbhan (1949), Muskett (1948, 1950), 
Christensen (1951, 1957, 1967, 1971, 1972, 1973), Baker (1952, 
1969), Singh (1953), Cherewick (1954), Russel (1946), Bose (1956), 
Gibson (1957), De Tempe (1961a,b, 1962, 1963, 1964, ig70a, 1970b), 
Tuite (1961), Crosier (1961), Hewett (196A, 1965, 1966, 1967, 
1970), Christensen and Kaufrnann (1965, 1969), Neergaard (1940, 
195aa, 195ab, 1962a, 1962b, 1965, 1970a, 1970b, 1977), Baker 
(1970, 1971), Maude and Keyworth (1967), Thirurnalachar (1967, 
1968), Mathur and Neergaard (1970, 1972), Agarwal et. aj^. , (1972), 
fiulakh et. aj.. , (1974a, 1974b), Khare et_ al.. , (1972), Jorgensen 
(1974, 1982) and many others led this field of study to became an 
independent and very important branch of plant sciences i.e. Seed 
Pathology. 
2.2.2. Seed raycoflo*~a o'f differment crops 
Considerable work has been carried out on seed mycoflora 
and seed borne disease of rice (Padamanbhan, 1949; Vidyasekhran et 
al_. , 1966; Benoit and Mathur, 1970; Agarwal et_ al. . 1972), maize 
(Warmke and Schenck, 1971; Kulik, 1971), sorghum (Christensen, 
1971; Parveen et. al.. , 19a0a; Bhale and Khare, 1982), barley 
(Flannigan, 1967; De Tempe, 1970a; Jorgensen, 1969, 1974), 
Trit icale (Parveen et_ al. . 19a0b, Parveen, 1983), pearl millet 
(Mathur et_ al. . 1973; Sharma and Basuchaudhury, 1975), cereals (De 
Tempe, 1970b; Hysek et. al.. , 1986) , groundnut (Joffe, 1969; Gupta 
and Chohan, 1970), soybean (Schneider et. al. . 1971, 1974; Sharma, 
1992), kidney bean (Watanabe, 1972), bean (Bolkan et. ai.. , 1976; 
Abdel-Hafes, 19S4a), chickpea (Haware et. al. , 1967; Zaidi et^  al. , 
1989, 1991), pea (Haware, 1971; Abdel-Hafez, 19a4a; Abul-Fazal et. 
al.. 19a9a), black gram (Natarajan and Bagyaraj, 1984), cowpea 
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<Siriha and Khare, 1978; Kurnari and Karan, 1981; Barros et_ aj.- i 
1985), khesari (Khare et. al.-? 1972), pulses (Hussain and flhrnad, 
1971), castor (Jain and Patel, 1969; Tahvonen, 1978), carrot 
(Hewett, 19&4-, Wilson, 1976), sesame (Kushi and Khare, 1979), 
chilli (Rout and Rath, 1972; Manoharachary and Padmavathy, 1976), 
sugar beet (Larnbat et_ al. , 1974), cauliflower (ftbul-Fazal Bt_ al. , 
1989b), cabbage (Wilson, 1976), vegetable (Holtzhausen and Knox-
Davies, 1974; Sokhi, 1976; Wu, 1979; Nair, 1982), cucurbit (Kornoto 
and Kirnura, 1982), watermelon (Khandelwal and Prasada, 
1968), cucumber (Khandewal and Prasada, 1970a), bottle gourd 
(Khandelwal and Prasada, 1970b), egg plant (Kar'kova et. al. . 1974; 
Huan and Musa, 1975), rape and mustard (Sharma, 1989; Kanwar and 
Khanna, 1979; Singh and Negi, 1984), flax (De Tempe, igsib; 
Anderson, 1977). 
Thus, it is evident that seeds of all kinds of crops 
harbour large number of fungi, to this wheat is no exception. 
Seeds of wheat are also reported to harbour a great variety of 
fungi including those pathogenic ones. The seed mycoflora of wheat 
have been studied by various workers. O brief review and early 
history of work done on wheat crop is followed: 
2.2.3. Seed mycofIor*a of Mheat 
Thomas (1937) initiated the work on mycoflora of wheat 
seeds, followed by Hyde (1950) and Christensen (1951). 
Muskett (1950) detected several fungi associated with the seeds of 
cereals including wheat. Species of Fusarium were detected in 
seeds of cereals by Gordon (1952, 1954, 1960). Studies on certain 
seed-borne diseases specially ergot and bunt in commercial 
samples have been made by Marshall (19&0). De Tempe (1964) worked 
on different aspects of seed—borne Helminthospori um in wheat seeds 
of temperate countries. Sauer and Christensen <195A), while 
studying the effect of moisture and temperature on storage of 
spring and winter wheat, found that the invasion of storage fungi, 
mostly Osperq ill us restrict us was proportional to increase in the 
moisture content of seed and time of storage. During the course 
of study, Mathews (1965) detected Fusarium nivale in seeds samples 
for the first time in New Zealand. Skou (1956) pointed out that 
the conidial stage of Coch1iobolus sat ivus was seed borne in 
cereals. Fritz (1966) observed that the germinating capacity of 
winter and spring wheat seeds fell when the period of low 
temperature was increased. Predominance of Leptosphaeria nodorum 
was observed in the samples, collected from western and southern 
England and Wales in all cultivars, except Hybrid-6A. F. nivale 
was also widespread while, occurrence of F. culmorum and 
F.avenaceum was found to be influenced by individual plot 
condition (Hewett, 1965). The freshly harvested samples, stored at 
13.4—13.5 per cent moisture contents and 25 C for 493 days, were 
slowly invaded by flsperqi 1 lus halophi 1 icus and 9.. rest rictus but 
the germination percentage was not materially affected. However, 
at 14.2-15.4 per cent moisture fungal invasion was higher, 
resulted in complete failure of germination (Christensen, 1967). 
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When rnoist seeds were stored during autumn-winter , Fusari urn spp. 
and H. sat ivurn reduced the yield qualities (ftzin and 
Korobeinikova, 1967). 
During a survey Hewett (1967) observed F. avenaceurn more 
frequently and F. culmorum less frequently in commercial wheat 
samples examined by agar plate method. F culmorum and F. poae were 
particularly prevalent on Hybrid-46. Bronniman (1968) developed a 
new method for determination of Septoria nodorum infection on 
wheat grain. He surface sterilized the seeds in NaOCl and placed 
on potato dextrose agar at 15CC for 7 days under constant light. 
The formation of pycnidia determined its infection on seeds. 
Certified wheat samples obtained in New Zealand during 1966 
yielded F. nivale only in 7 out of 110 samples studied (Mathews, 
1968). Pelhate (1968) isolated 125 species from the seed during 
the year 1960-67. He classified these fungi under 3 ecological 
group i.e. field flora, intermediate flora and storage flora. 
Species of fllternaria. Helminthosporium. Fusarium and 
Curvularia were found highly pathogenic on the durum and aestivurn 
seeds (Mishra et. al. , 1969). The species of flsperqi 11 us, 
Penici11ium and Mucor were also isolated frequently by the three 
methods they used. Hasany et_ al. . (1958) isolated 43 fungal 
species on seeds of two wheat and seven rice cultivars from 
Karachi. 
Colhoun et. al. , (1958) confirmed their earlier findings 
(Colhoun and Park, 1954) that high temperature and low soil 
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moisture were favourable for death of seedlings caused by F. 
culrnorurn arid it also tended to favour the incidence of disease 
caused by F, avenaceurn. The spore load on the seed also played 
very important role in causing disease together with temperature 
and soil moisture. The high levels of the inoculum permitted the 
occurrence of severe attack on seedlings under a wide range of 
conditions than when the spore loads were lower. The infected 
seeds with F. nivale sown in the field caused pre-emergence death 
of seedlings (Millar and Colhoun, 1969a). These seedlings, when 
developed showed brown lesions on the roots, coeloptiles and 
leaves and produced only few tillers initially while, the mature 
infected plants showed browning of leaf sheath on which perithecia 
usually occurred. The infection spread initially by conidia and 
mycelia, later by ascospores and at flowering by both ascospores 
and conidia, produced on the upper parts of the plants. Infected 
grains were shrivelled but germinated well in the laboratory 
(Millar and Colhoun, 1969b). Studies have been made on 
epidemiology of F. nivale on wheat by Sanderson (1970) and of 
Fusari um spp. on cereals by Colhoun (1970). 
Flannigan (1970) compared the seed mycoflora of wheat, 
barley and oat harvested during 1968 in Scotland. Despite 
differences among 3 cereals, their mycoflora were mostly 
dominanted by the same species, and overall dominance of 9.- tenuis 
was also observed. It was recorded in more than 70 per cent of the 
three cereals sample and 72.8 per cent samples in wheat. In wheat 
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Epicoccurn ni qv^ urn was most dominant followed by ft. tenuis which was 
recorded in 32.3 per cent kev-^ nels when plated on potato dextrose 
agar and 84.2 per cent when plated on malt extract agar at £5'^C. 
However, Cladosporium spp. was isolated from 77.4 per cent when 
the seeds incubated at 37*C and 50*^0 c>ri PDft, indicated the 
predominance of bacteria and actinomycetes. Amongst the different 
fungi, Cephalospori urn sp. recorded highest frequency at 37^C and 
Mucor pusi11 us at 50 C. However, predominance of Fusari urn sp. 
(1498 out of 9006 isolations) was on wheat, rye and barley grain 
during three cropping seasons (196&-6S> in Finland (Ylimaki, 
1970). 
No substantial differences were found in the amount and 
composition of the surface and internal mycoflora of 8 cultivars 
of wheat at different growth stages (Lenkov and Kanumova, 1971). 
The embryos in both the wheat types were free from mycoflora. 
Cladospori urn, ftlternaria and Fusarium were isolated from the 
endosperm of the seed. But in general, the internal grain 
infection was less pronounced at early stages of ripening. 
Moubasher et. al. , (197£) isolated £6 genera and 77 species 
including 16 ftsperqi1lus and £1 Penici11ium spp. from seeds of 
wheat, maize and sorghum in Egypt. Kulik (1973) reported that the 
germination of machine threshed wheat seeds decreased faster than 
hand threshed seeds resulting in fewer living seeds on storage at 
25.C with relative humidity of 80, Q5 and 90 per cent. Invasion 
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of fungi on and in the seeds was rapid and extensive under humid 
conditions ori hand threshed seeds than on machine threshed seeds. 
Injuries and seed infection by H. sat ivurn, C. herbarum, Q.. 
tenuis and Fusariurn spp. increased during rain leading to sharp 
decrease in field emergence (Dorovskaya and Khasanova, 1974). 
Carranza and Goni <1974) also noted an increase in incidence of 
fungi on durum wheat at high relative humidity and rainfall. 
While, studying the distribution of seed—borne microorganisms on 
the different components of the seed before harvest, Flannigan 
(1974) isolated 40 per cent filamentous fungi alone from lemma and 
paleas whereas, caryopsis yielded only 1£ per cent of filamentous 
fungi. Large number of bacteria were also isolated from the three 
components of seed. Generally, only small proportion of the 
inoculum was found to establish itself within the components and 
less than 10 per cent in caryopsis. The commonest filamentous 
fungus isolated on and in the seeds was species of Cladospori um. 
However, the seed infection during 1968—73 varied greatly from 
year to year and from region to region in Swedan (Kolk and Olsson, 
1975). 
During 1977-78 and 1978-79, Hampton (1980) detected 
Drechslera. Fusariurn and Septoria in 35 and 57 per cent of 
certified wheat seed. The Fuarium spp. accounted for >85 per cent 
of all recordings in both the seasons. fimongst fusaria, F^. 
avenaceurn. F. culmorum, F. nivale were most common whereas, F. 
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gram i near urn and F. poae were less frequent. Often Drecheslera 
avenae was the other species recorded in 8 and 10 per^ cent 
samples during 1977-78 and 1378-79, respectively. Sept or i a nod or urn 
was recorded fof^ the first time in New Zealand in certified wheat 
seeds (Hampton, 1980). Dawood (1982) isolated 39 fungal species 
from fresh and stored spring wheat seeds in which P. alternata was 
isolated most frequently from freshly harvested seeds, whereas, Q.. 
alternata together with A. flavus from stored seeds. The seeds 
remained in good condition when it was stored at 12 per cent 
mositure at different temperature for 18 months whereas, when 
stored at 15 per cent moisture it remained healthy only at OCC. 
Singh (1983) observed predominance of flspergi11 us spp. on the 
mycoflora of seeds of £4 wheat samples (10 cultivars) obtained 
from 10 Indian states. The flsperqi11 us spp. followed by species 
of Drecheslera. Penici11ium and Fusarium dominated. D. sorokiniana 
and D- rostrata proved highly pathogenic while, A. flavus, A. 
niqer and £. oxalicuw less pathogenic causing coeloptile and root 
lesions. Abdel-Hafiz (ISSAb) isolated 32 spp. belonging to 17 
genera from the wheat seeds collected in Saudi Arabia. The most 
frequent genera were Asperqi1lus, Penici11ium. Fusari um. Rhizopus 
and Mucor foil owed by Alternaria. A. f lavus. A. niqer, P_. notat uan. 
R. stolonif er, F. moni 1 if or me. M. racemosus. A. alternata. D. 
spicifer and C. lunata were the most frequently isolated from 
wheat, barley, rnaise and sorghum seeds. Ghosh and Nandi (1386) 
studied the grain deteriorating abilities of some common storage 
fungi of wheat seeds (Q. ni qer. ft. flavus, ft, fumi qatus, ft. 
q laucus, Q. sydowi and Penci H i um .leuserni ) . Cell free culture 
filtrates caused a considerable reduction in germination and 
seedlig growth of surface disinfected wheat grains. Fungal 
invasion of sterlized grains generally increased the chitin arid 
decreased carbohydrate content of the seed. The effect was more 
pronounced with increase in duration of storage. The storage 
fungi, however^, varied in their deteriorating abilities. 
S.- al ternata, Q, tenuissima and Rhi zoctoni a solan i 
pre-dominated at beginning of storage period upto & months at SO-
SO C with 70-95 per cent relative humidity in 10 cultivars, 
however, Penici 1 lum and Plspev^ gi 11 us were not detected, ftsperqi 1 lus 
spp. and R. so 1 ani dominated upto four months but Penici 111 urn spp. 
and Sclerotinia sclerot iorum appeared after eight months of 
storage <Hysek et, al. , 19Q&) . In survey of eastern Canada, Duthie et 
al., (1986) isolated lA Fusarium species from 33450 seeds in 153 
seed samples collected during 19fl3-8A. The incidence of or\e 
species of Fusarium was S6.6 per cent of seeds and 94.4 per cent 
of samples. It infected 1 per cent of seeds in 4£ per cent of 
samples. F. sporotrichoides, F. avenaceum. F. poae. F. equiset i 
and F. graminearurn were isolated more frequently while, F. 
Qxysporum. F. acuminatum, F. moni1iforme. F. culmorum, F. 
sarnbi-tcinurn and F. tr'iricirict urn less frequent ly, and F. so 1 ani, F, 
rnerisrnoides and F. semi tectum in least nurnben of samples. 
Kaur and fiulakh (1986) observed a low incidence (7 to 3 
infected seeds per 1000) of D. halodes and D. rostrata in wheat 
and rice seeds during 1980—82 in Punjab, India. However, Singh et 
al., <1966) observed a high incidence of ft. flavus (lS.£5-£5. 59 
per cent) in samples collected from wet area than from dry ar^ea.. 
flbul-Fazal et_ al • . (1987) isolated 14 spp. of fungi from wheat 
seed samples predominated by A. alternata, ft- flavus, Q. niqer and 
R. arrhizus. While, the species of ftlternaria, Fusariutn and 
Drecheslera were prevalent in 45 samples examined in Italy by 
using deep freezing method (Gambogi et_ al. , 1987). D. qraminea 
was detected in all the samples studied (34 samples) with &£ per 
cent infection while, D. avenacea in 17 samples with 1-4 per cent 
infection and D. avenacea in 14 samples with 1-3 per cent, ftmongst 
different fispergillii, ft. flavus was detected in more than 75 per 
cent samples of wheat, maize and beans collected during 1974-84 in 
Bulgaria (Dimitrov et_ al., 1987). ft. flavus and specially ft. 
furnigat us were identified more frequently in samples incubated at 
37^ than at £2-£5 C. ft. flavus, ft. niqer. ft, ochraceous. ft. 
fumigatus. ft. clavatus were more frequently isolated, ft. 
qi ganteous, ft. candi dus, ft. qlaucus and ft. repens to a lesser 
degree. Titova and Rudakova (1987) isolated 36 fungal species 
belonging to 18 genera on wheat seeds. Of the 13 species on stems 
of outwordly healthy plants, F. oulrnor'urn arid Gyrnnoascrus T~esi i , 
were highly rnycotoxic. F. culrnorurn was pathogenic, reaucing 
gerrninat ion and seedling height by 45-50 per cent of the plants. 
Hirernath et_ al. , <1987) recorded 13. 6£ per cent of D. hawi i ens is 
in apparently healthy and 54.52 per cent in badly discoloured and 
shrivelled seeds from heavily infected fields in Karnataka. 
Montorsi et. al. , <198S) found a high incidence of Fusari urn spp. , 
S. nod or urn and D. sorokiniana in N. Italian samples. The incidence 
of these fungi was higher as compared to those samples collected 
from central Italy. Predominance of Q. flavus was recorded by Khan 
and Kurnar (1989) on external wheat seeds but the predominance of 
A. alternata in the internal seed mycoflora on large number of 
wheat samples were recorded by Khan (1989a). Eighteen fungal 
species belonging to 11 genera wev^e isolated by Khan et_ al. . 
(19a9b) from 6 wheat samples collected during 1987-88. The 
dominating fungi isolated were A. alternata. A. flavus, A. niqer, 
D. graminea. F. oxvsporum, R.. nigricans and R. oryzae. In stored 
wheat seeds, Khan (1989b) detected Penici11ium spp. as dominating 
mycoflora followed by ftsperq i11 us spp. in the wheat samples 
procured from fav-mers field at Aligarh district. While, 36 fungal 
spp. belonging to 16 genera were isolated from 110 seed samples 
of 2£ wheat cultivars collected from Sindh and Punjab in Pakistan 
(Sultana and Khansada, 1989). High levels of infection were found 
in seeds of 6 Punjab and 7 Sind cultivars . More seed-borne fungi 
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were isolated in the seeds collected from Bahawal put-", Hyderabad, 
Tandogarn and Faisalabad than other parts of the country. ft high 
percentage of seed infection was recorded by Babadoost and Herbert 
(1931) when S. nodorurn was inoculated on head emergence to watery 
ripe stages of winter wheat. Kulkurni (1992) isolated predominant 
occurrence of ft. alternata in seed samples collected from 
different fields in Madhya Pradesh. The primary perpetuation of D.. 
hawi iensis was through infected seeds (Singh, 1993). He also 
encountered 3.0-7.2 per cent infected seeds in 70 samples 
collected during 1991-1992 winter wheat from Rajasthan. 
2. 2. 4. Control of seed-mycof lor*a 
Seed mycoflora, in general, have been controlled by using 
physical, chemical methods and by adopting biological control 
(Fisher and Holton, 1957; Horsfall and Dirnond, 1951; Neergaard, 
1977; Jeffs, 1986; Vyas and Khare, 1986; Jorgensen, 1982 and 
Haskel, 1985). 
2.2.4.1. Phsical methods 
2.2.4.1. l.Histo*~y 
Hot water treatment has been the standard method for 
controlling embryo infecting loose smut of wheat and barley for 
about a century, the procedure was established by Danish seedsman, 
J.L. Jensen, in 1888, who proposed the method for controlling the 
cereal smuts. Although, the wheat bunt could be also controlled 
by soaking the seeds for 5 min in water at 55 C however, 
chemical treatments were much easier and effective. For this 
reason, hot water treatment was of little use until the life 
cycle and etiology of loose srnut of barley and wheat were worked 
out (ftpple and Gassner, 1907; Freeman and Johnson, ISOS^ ftpple, 
1909). ftccording to modified method, the wheat grain presoaked fof^ 
5 h in water at room temperature followed by soaking for 10 min in 
water held at 54 C, was generally adopted as a standard, but 
various modifications have been incorporated from time to time 
(Tyner, 1351; Fisher and Holton, 1957; Baker, 1969; Fahim et. al. , 
1970; Jorgensen, 1982; Bhale and Khare, 1984; Ram, 1992). 
2. 2. 4. 1. S. Br ie-f resuming 
Since the discovery of hot water treatment by Jensen 
(1888), various modification of these and other physical methods 
have been tried for controlling seed-borne organisms, such as 
anaerobic water treatment, dry heat treatment, solar heat 
treatment, aerated steam treatment and irradiation of seeds with 
ultravoilet, gamma and X-rays etc. (Tyner, 1951; Mount and 
Ellingboe, 1968; Benda, 1968; Savov, 1969; Ujevic and Dias, 1970; 
Fahim et. al. , 1970; Kingsland, 1971; Il'icheva, 1973; Zedginidze, 
1974; Grisenko and Mazhara, 1972; Couture and Sutton, 1980; 
Dasgupta, 1981; Jorgensen, 1982 and Nasir and Ahmad, 19S6; 
Ram, 199S). 
2. 2. A. 2. Chemical control 
2. 2-A. 2. 1-History 
Seed treatment with chemicals has long been used for 
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control 1 irig seed-borne diseases. Seed treatment for wheat mildews 
(smut?) was recommended by Pliny (Mason, 1928) with wine plus a 
mixture of brusied cypress leaves as eav-ly as 470 B.C. Several 
hundreds years later Remnant (1637) in England suggested ari 
unnamed fungicide (probably sodium chloride; Horsfall, 1967) fcxt^ 
controlling bunt of wheat. In 1660, salt brine was accidently 
discovered, to be effective against bunt of wheat (Tull, 1733). 
Lime entered the fungicidal fields in 1753, with the 
recommendation by Meyer to control bunts (Woolrnan and Humphery, 
1924). Later, flucante (1755) mentioned arsenic and corrosive sub-
limate for control of wheat bunt (Woolrnan and Humphery, loc. 
cit.). ftt the last half of ISth century Tessier (1783) used copper 
sulphate for control of wheat bunt but the results were not 
striking (Woolrnan and Humphery, 19£4). Later in 1783, he published 
his findings of tested chemical compounds to improve seed 
germination, quality and productivity without affecting 
agricultural practices (Woolrnan and Humphery, loc. cit.). 
Prevost (1S07), however, was widely credited for discovery 
of copper sulphate until Woolrnan and Humphery (loc. cit. ) 
unearthed a reference of Schulthess (1761), who used copper 
sulphate on wheat seeds for bunt control, some 46 years ahead o1^  
Prevost. Later, Dreisch, (1873) used copper sulphate on wheat 
seeds for controlling diseases (Woolrnan and Humphery, loc. cit.). 
Formaldehyde was next major chemical used against many 
37 
seed-borne fungi particularly srnuts and bunts (Geuther, 1835; 
Bolley, 1897), however its fungicidial properties was recognised 
by Trillnt in 1888 (Martin, 1940). In the mean time Saunders et 
al•, introduced the theory of seed protectants in 1893. 
Copper carbonate, the first dry treatment material used to 
control wheat smut, was discovered by DaY^ne 11-Smith in 1910. The 
modern era of fungicidial seed treatment was started with the 
introduction of Organo—mercurial compounds first used by Riehm 
(1913, 1914, 1915) for controlling wheat smut with mercury 
chlorophenyl. The first product containing this compound was 
marketed by Bayer's in Germany under the name 'uspulum' and in 
19S0 a new German product 'germism' was marketed. Later, new 
category of mercury preparation based on the ethyl—mercuric 
chloride appeared in 1926 under the name 'ceresan'. In 1933 a 
highly volatile compound, ethyl-mercuric phosphate was introduced 
in United States of ftmerica (Fischer and Holton, 1957). 
ft new dimension to the chemical control of plant diseases 
was opened with the introduction of seed—applied broad spectrum 
systemic fungicides for the control of pathogen subsequently 
attacking seedlings and young plants. This chemical, when taken up 
by the plant persists long enough in the plant tissues to prevent 
early infection. It also reduced the infection rate, and increased 
the yield potential of the crop. Because of the relative 
simplicity of application of seeds treatment and the economy with 
which seed fungicides can be used, its application is useful for 
developing countries where the climatic and soil conditions so 
readily predispose young plants to attack by soil-borne pathogens. 
Now, hundereds of compound's e^re available for controlling 
plant diseases through seed treatment and the list is going on 
increasing with the addition of new fungicides. There has been 
considerable literature on the mechanism of the fungicides and its 
effectiveness. This has been reviewed from time to time 
(Horsfall, 1345, 1956, 1387; Horsfall and Dimond, 1351; Sharvelle, 
1361; Commonwealth Mycological Institute, 136& 1383; van Der Kerk, 
1963; Nene, 1371; Neergaard, 1377; Jeffs, 1378; Vyas and Khare, 
1386; Horst, 1385; Mat hews, 1385; Haskell, 1385; Vyas, 1933). It is 
not within the reach of these pages to record all the literature 
available, however, some of the fungicides tested as seed 
treatment against seed—borne microorganisms has been reviewed in 
the following pages: 
2. 2. 4. 2. 2. Review of ea»~ly work 
In the laboratory and field tests in Bulgaria during 1360-
61 on 11 wheat cultivars, Khristov et_ al. . (1354) effectively 
controlled Ti1 let ia laevis by seed treatment with £ per cent 
acetic acid (41/100 kg seed) which also favoured the germination 
and the increase of the yields. S. nodorum and F. nivale were 
controlled by Ponchet et_ al. . (1365) with organo—mercuric 
compounds viz., 40 per cent maneb, 48 pev" cent mancozeb, 50 per 
cent mezineb and 15 per cent Cu-oxy—quinoleat in glass house and 
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field trails. The adverse effect of moulds during storage were 
sharply reduced by seed treatment with captan, phaltan or 
dichlone- Bcchkareva (1964) recommended granosan <£ kg/ton) for 
controlling root rot pathogens, Fusari um sp. , Helminthospori um 
sp. , Pythi um sp. , Ophiobolus qraminis, F. culmorum, F^ . 
sperotriche11 and Cercosporel1 a herpotrichoids with fungicide seed 
treatment. Increased yield of wheat was also observed as a result 
of treatment of seeds of wheat variety Tulum with 70 mercury 
containing fungicides (Kalashnikov, 1966). Phenyl mercury acetate 
proved most effective when applied as either slightly wet 
treatment (6 ml water/kg) or wet treatment (1.7 g/kg) instead of 3. 
q as dry treatment. Seed dressing with Hg compounds also proved 
superior over organic compounds when tested in glass house 
conditions against brown spot caused by L. nodorum (Schumann, 
1967). Kagan and Studzinski (1967) achieved an economic control 
with thiram and mercury against Ti1 let ia tr i t i ci . Sarli (1967) 
recommended seed treatment with new product DXN-2111 at 1£5 g/k.g 
seed, followed by uspulum and agrosan—6N in their effectiveness 
against T. caries. Esen (1967) found effective control of T. 
foet ida with phenyl Hg compounds, however, treatment of seeds with 
ethyl Hg compounds affected the seed germination adversely. Seed 
treatment with thiabendazole also gave good results against S. 
nodorum and T. caries when applied at the rate of 20O g/q seeds, 
but it was inferior to maneb in controlling F. niva1e (Darpoux et 
al. , 1966). Kuiper (1966) found vitavax <at C O S per cent a. i.) as 
superior to ceresan when used as a seed treatment against T. 
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feet Ida and T. caries but proved inferior to hexachlorobenzerie. 
Thirarn <c:5 per cent) completely controlled the incidence of T. 
foet ida when applied as seed treatment (Kholodnyuk et_ al • , 1968). 
Agrol-PE:, plonit-P£ and snieciotox at the rate of £00 g/100 kg 
were found effective against the pathogen while, rnilstern (PP-1A9) 
at the rate of 1 and £ g/100 g seed markedly reduced the 
development of powdery mildew (Erysiphe qraminis) <Slootrnaker, 
1969). However, Hoechest-2fl44, R-O and R-IS gave complete control 
of wheat bunt caused by T. caries during field trials in 1966-67 
and 1967-68 (Jagielski, 1969). Similarly, U. trit ici was 
completely eliminated by vitavax (75 per cent) at the rate of 113 
and £S7 g/kg seed (Maude and Shuring, 1969). 
Seed treatment with agrosan-6N and ceresan dry at £5 g/kg 
eliminated the seed—borne fllternaria. He1m i nt hospro i um, Fusari um, 
Curvularia, flsperqi1lus. Penici11i um and Mucor sp. in 16 durum and 
aestivum wheat cultivars (Mishra et_ al. . 1969). Baghdad! (1970) 
controlled F. culmorum of wheat by seed treatment with ceresan and 
PP-7ai at 1 g/lOO g seed. Both the fungicides also inhibited the 
fungus growth in vitro. Ceresan treated seed also affected the 
fungus in subsequent colonization on roots. Mishra and Chand 
(1970) controlled Sclerotium rolfsi i. causing foot and root rusts 
of wheat with tritisan, brassicol, thiram and captan. The treated 
seed also promoted the seedling vigour and root development. Of 
the nine fungicides tested against flag smut (U. agropyri) tafasan 
6W (methyl ethyl Hg chloride) at 1 g in 1 lit. water/kg seed 
completely controlled the disease whereas, PCNB at 6 g/kg seed 
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considerably reduced the incidence <Tyagi et_ al•, 1970). Gupta et 
al. , (1970) recommended seed treatment with ceireBari before storage 
in order to avoid the invasion of storage fungi particularly 
species of ftlternaria, flspergi1lus, Curvularia, Penci11ium and 
Helminthosporium. Thiabendazole and benomyl at the rate of 1 pprn 
inhibited growth of Cercosporella herpotrichoides in culture. Both 
the fungicides at the rate of 500 g/100 kg wheat seed reduced the 
infection from 15.4 to £.4 per cent (benomyl treated) and to 3. £ 
per cent (thiabendazole treated) (Lemaire et^  al • , 1970). firasan 
(at 0.£ per cent) was the best among 11 seed dressers tested by 
ftgarwal and Singh (1970) against foot rot. It was followed by 
captan, thiram and bisdithane. Derivatives of carboxin, benomyl 
and furidazole (£00 g/100 kg each) gave good control against wheat 
smut (Baicu et_ al. , 1970). Plantvax treatment followed by one 
foliar spray of plantvax on just appearance of wheat rust and 
second spray after a fortnight of the first, reduced the incidence 
of rust from 80-90 (in control) to 3 per cent (Pathak and Joshi, 
1970). 
Of 13 the fungicides tested ijn vitro on seeds by Popov and 
Kumachova (1972), granosan and thiram were found effective in 
controlling H. sativum and F. culmorum but ineffective against 
Qphiobolus qraminis. while vitavax and benomyl were effective only 
against 0. qraminis. Cu-oxyquinolate preparations were relatively 
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toKic in field trials against all the pathogens but did not gave 
sufficient protection when used as seed treatment, ft combination 
of benomyl or vitavax with thiram was found as effective as 
organomercuric compounds. Tyagi <1372a> found the seed treatment 
with carboxin and oxycarboxin were the best fungicides in 
preventirig U. aqropyri sown in infested soil. In laboratory and 
field trials, Baicu et_ al. . (1970) found carboxin and mancoseb 
mixtures (1:1, 1:A and 4:1) effective against U t r i t i c i, T. 
foet ida, Fusari um sp. and ftlternaria spp. Of the 7 systemic 
fungicides, vitavax and thiram (1:1) at 4 g/kg seed reduced the 
incidence by 92.5-97.1 psr^ cent without affecting seed germination 
and yield. The treatment also resulted in a decrease in foot rot 
infection caused by Helminthosporium and Fusari um species 
(Dobretsov, 1974). Bedi et_ al. , (1975) controlled the flag smut of 
wheat on treating the seed with systemic fungicides vitavax and 
plantvax. These were superior over 5 other non-systemic fungicides 
tested by them. Dusting the fungicides -benlate, thiabendazole 60, 
voronit, NF-4a, NF-&5 and NF-6S on the seeds at the rate of 200 
g/100 kg gave very good control of T. contraversa (Todorova, 
1976). Thiram not only increased the per^ cent seed germination but 
at the same time reduced root rot pathogen, besides higher 
seedling count than treatment with trichodermin (Kolomnikova and 
Novikova, 1976). Bobes et_ al. , (1979) obtained the best results 
with NF-4S, NF-65, TCMTB-30, SUA, trahexallin, bayleton + thio-
43 
phariate rnethyl + HCB + beridicarta and triad irnefori + TMTB + 
bendocarb as seed treatment against wheat bunt. The fungicidal 
treatment of seeds also improved the seed germination and plant 
emergence. Duneuko and Filin (1980) found vitavax as effective 
against loose smut of wheat, reducing its infection by 65-100 per 
cent while, gamma hexan, hexathirum (at S kg/ton) o)r TMTD were 
67 effective against root rot and common bunt pathogens. Treatment 
with 50 g triadimenol /lOO kg seed reduced peroxides activity by 
about 15 per cent , rate of photosynthesis by about £0 per cent, 
water consumption by 30 per cent during 4 days- Reduced 
transpirational rate. While, there was increase in the free amino 
acid activity in wheat plant (Forster et_ al. , 1380). Seed 
treatment with panoram, brassicol, panoctine—35, vitavax and 
plantvax were found more effective against S. rolfsi i but 
bayleton, bavistan, RH-1S4 and calixin were less effective 
(Kulkurni, 1980). The seed treatment at 0.2 per cent with these 
chemicals also protected the seedling against infection for )35 
days even in the heavily infested soil. ftmongst 21 seed 
protectants tested against H.. sativum and Fusarium spp. , granosan, 
thiram, hexachlorobezene and complex preparations containing 
thiram, vitavax, chloronizid, TBM-1 and TBM-2 were found very 
effective against various seed-borne diseases (Pidoplichko and 
ftndreeva, 1980). Organomercury fungicides and vitavax £00 
(carboxin), ethylene dibromide and aluminium phosphide (fumigants) 
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alone and in combinations were found highly effective against all 
the wheat seed rnycoflora except, A. f 1 avus, fl. ni qer and fi. 
f urn i gat us (Tyagi et_ al. , 1981). Seed treatment with bavistin in 
addition to thiram at 0.25 per cent gave excellent protection to 
wheat seeds artificially inoculated with Qsperqi11 us and 
Penici11iurn spp. for >£75 days but bavistin alone was effective 
only for 30 days (Singh et_ al. . 1382). In glass house tests, 
benomyl protected the seedlings upto 8 weeks and benornyl together 
with thiram completely controlled F. graminearum. Fenapronil, H-
68 719 + bendazole and imazalil also gave good control of these 
pathogens (Diehl and Reis, 1983). 
In laboratory tests with freshly harvested wheat grains 
sterilized and inoculated with species of fisperqi11 us and 
Penici11ium. seed treatment with bavistin + thiram gave effective 
control of these fungi upto S75 days. Bavistin alone was effective 
for a shorter period but both the fungicides did not impair the 
seed germination (Singh et^  al. , 1984). Khan et_ al. , (1985) achieved 
significant inhibition in growth of Drechslera sorokiniana and 
the incidence of disease in green house when seeds were treated 
with bavistin, neo-asozin and trimiltox forte each at 100 ppm 
concentration and kitazan (IBP) at 300 ppm, while delan was found 
ineffective at the rate of 300 ppm. fimongst 7 compounds tested in 
vitro against D. rostrata. C. 1 unata and ft. niqer, 2—4 dihydroxy 
acetophenone phenyl hydrazone was found most effective by Reddy et_ 
al. . (1985). fibdou et. aj.. , (1985) found thiabendazole (at 1 ppm) 
effective against S. sclerot iorurn. It prevented the germination of 
the spores at 10 pprn. Chattannavar et_ al. , (19a5a) obtained 
inhibition in the growth of Drechslera sat 1vus with dithane M-45 
at O.i-0.£ per cent concentrations and with blitox at 0.2 per 
cent. Thirarn, dithane Z—78 and panogen gave the effective control 
of D. sorokiniana and also improved seedling emergence (Singh and 
Saksena, 1985). Wheat seeds cv. WL-711 infected with C. sat ivus 
when treated with kitazin reduced the seed germination from 97.75 
to 75.75 per cent. Emison and bayleton improved the seed 
germination, but bayleton, emison, panoctine decreased the early 
vigour of seedlings. Dithane 2-78 and M-45 were found to be best 
69 vigour promoting fungicides. On the other hand, brassicol and 
bayleton were the most and bavistin, the least effective in 
controlling C. sativus. (Randhawa and Sharma, 1986). 
In vitro studies, vitavax completley inhibited the growth 
of foot rot pathogen, S. rolfsi i on wheat at 50 pprn concentration 
followed by bayton and benodamil (Kulkarni et_ al. . . 1986). 
ftrnongst volatile substances tested (chlorine + formalin + 
napthalene, camphure, ethylene dichloride and paradichIrobenzene), 
ethylene dichloride were found most and chlorine least effective 
in controlling 10 seed-borne fungi associated with wheat seeds 
(Pande, 1986). Cozib-62 and dithane M-45 were the most effective 
fungicides against A- alternata and F. roseum on artificially 
inoculated seeds, however, daconil was not very effective against 
fl. alternata (El-Tayeb et. a^. , 1987). Testing the efficacy of 
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different fungicides (bavistin, benlate, cozib-62, daconil-£7a7, 
W-75 and di thane M-45 ) against Q. alternata and F. rose urn, cozib-
6£ and dithane were found most effective against both the test 
pathogens. Benlate controlled only F. rose urn (Mussa and Makki, 
1967). Hoffmann and Sisson (1987) found that seed treatment with 
ditertanol reduced dwarf bunt to 5 per cent arid it was twice as 
effective as thiabendazole. However, the seed treatment with both 
the fungicides reduced the yield also. Leaf blight of wheat caused 
by Drechslera hawi iensis was effectively controlled by treating 
the seed with RH-£161 and dithane M-45 (Subramanyam et_ al. , 1987). 
Ahmad et_ al. . (1987) recommended the wheat seed treatment with 
carboxin, quintozene and mancozeb at 2 g/kg, a dose recommended 
for high yield also. In general, the winter wheat treated with 
70 non-mercurials gave higher grain yield as compared with organo-
mercurials (Cameron et_ al. . 1988). Effective control of S. 
nodorum on wheat was obtained by treating the seed with sportak 
(prochloraz) and hefran (iminoctadine). Iminoctadine and radam 
(quazatine), however, were most effective against F. nival is. 
While, C. herpotrichoides was effectively controlled by seed 
treatment with sportak (Verreet et_ al.. , 1988). Ijn vitro studies, 
atrazine and chlorosulfon adversely reduced the growth of F. 
qraminearum (Jeffery et. al. . 1988). Seed treatment with ethyl 
trianol and iprodine both at 10 Aig/ml a. i. gave good control of H. 
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sat ivurn and B. nod or urn. Irninoctadine also effectively controlled 
F. graminerurn while, triadirnenol and ethytrianol F. qrarninis f. sp-
trit ici. Forcelini and Reis <1388) recommended the use of iprodine 
+ triadirnenol or irninoctadine + triadirnenol for control of srnut 
and bunt of wheat which have a broad spectrum activity too. 
Treatment with tilt, bayleton, sineb and their mixtures with 
metaphos when used against brown rust <P. recondita) did not 
affect the total nitrogen and amino acid composition of wheat 
grain (Labedev et_ al. . 1988). Artificially inoculated wheat seeds 
with isolates of F. culmorum, F. ni vale and F. moni 1 i forme ori 
treatment with blektritt (30 per cent thiram + 30 per cent 
carboxin) showed its ineffectiveness in controlling all the test 
pathogen (Balrnas et_ al. . 1987). Seed treatment with £5 and 15 per 
cent triadirnefori at 0.03 per cent of seed weight, reduced the 
disease incidence by 71.5 per cent and controlled the stripe rust 
in the autumn wheat upto 95.4-100 per cent, which resulted in 
occurrence of the disease by 5-7 day later in spring, compared 
71 with that in control- Wheat sown in early September had a 
higher incidence of stripe rust than those sown in mid to late 
September. Therefore, Chen et_ al. , (1988) concluded that seed 
dressing with triadimefon, combined with suitable sowning date and 
removal of volunter wheat plants effectively reduced the pathogen 
source. 
Seed treatment with prochloraz + carboxin, triadirnenol + 
imazalil ••- fuberidazole, tridimenol + bitertanol •«- fuberidazole, 
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iprodion + carbendazirn + irnasalil or irnazalil alone reduced yellow 
leaf spot caused by D. tritici-repent is (Obst, 1989). Anderson 
(1989) found a reduction in the length of subcrown internodes and 
inhibition of tillering as a result of treatment with triadirnenol 
(at 150 g/100 kg) and mercury (at 1£0 g/100 kg). In. vitro studies 
using 13 fungicides against 7 phytopathogenic fungi, Kakede and 
Khune (19S9) found delsan—30EC as most effective. The fungicides 
also inhibited the growth of the fungi at 0.30 per cent 
concentration. Aliette inhibited the growth of Q, alternata, C. 
lunata, F. moni1iforme, Rhizoctonia batat icola and S. rolfsi i at 
O.£ and 0.3 per cent. It was, however, ineffective against ft. 
niqer and C. capsici. Bavistin inhibited Q. niqer, F. moni 1 i forme, 
R. batat icola while, calixin and saprol inhibited fl. alternata and 
S. rolfsi i, respect ively. Xll vitro studies DLA-
difluoromethylornithine (DFMO) strongly inhibited mycelial growth, 
sporidial formation and reduced the cell size of Neovossia indica, 
whereas, the analogue DL— (^ -dif luoromethyl arginine had r\o 
significant effect (Singh et_ al. . 1989). Chatrath and Sastry 
(1989) achieved 6£ per cent control of the growth of Ust ilaqo nuda 
trit ici at 1 ppm concentration of benomyl while, fungal growth was 
completely inhibited at 5 ppm. Thiram + benomyl and thiram + 
thiophanate-methy1, when applied both as powder or solution on 
wheat seed, the effective control of F. roseum was obtained when 
the mixture was in the form of solution. However, the seed 
treatment with cold water for 10 h followed by hot water treatment 
for 5 min at 52 C and then fungicidal treatment gave better 
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results against the pathogen F. roseam (Nakagawa and Yamaguchi, 
1S89). Testing the efficacy of different alcohols on seed 
mycoflora of wheat, Khan and Kumar <1989) found isoarnyl alcohol as 
highly effective in controlling the parasitic and saprophytic 
fungi associated with wheat seeds but none of the tested alcohols 
eradicted the fungi A. f lav us and Q. niqer. Khan et, aj_. , (1989c) 
found calixin at the rate of 0.2 pei" cent concentration most 
effective fungicide in eradicating the fungal seed—mycoflora of 
wheat, followed by plantvax, vitavax and benlate. The treatment 
also improved the germination. Singh and Singh (1989) treated 
wheat seeds (cv. K-68) for 3 h with 0.1 per cent solutions of 
insecticides ekalux, anthio, heptachior and gamma axene, the 
fungicides dithane M-45, dithane Z-7S, bavistin and mutagens, 
dimethyl sulphonate and ethyl methane sulphonate separately. fill 
the chemicals reduced the germination percentage of seeds, except 
anthio. Seedling height was also adversely affected by all the 
treatments, except dithane M-45 and heptachior after £0 days of 
germination. Number of spikes and dry matter of £0 days old 
seedlings did not differ significantly as a result of treatment 
with chemicals. The pollen fertility was adversely affected due to 
seed treatment with different chemicals, except anthio and ethyl 
methane sulphonate. These also resulted in chromosomal 
aberrations at a high frequency both at meiosis and mitosis. 
Susceptibility of winter wheat cultivars to root rot and powdery 
mildew was low in plants treated with baytan than in untreated 
control. The treatment with baytan reduced the field germination 
capacity of seeds from 75.A (in untreated control) to 54.S per 
cent in cv. odesskaya polukarlikovaya and 75.2 (in untreated 
control) to 58.8 per cent in cv. obrii, 7 day after sowing. Rate 
of germination of seeds decreased further when seeds were raked 
deeper into the soil. The seed treatment with fungicides reduced 
the rate of moisture uptake by seeds but increased the period from 
emergence to full sprouting in these cultivars. The root and shoot 
development was also reduced (Garmashov et_ al. . 1988). Seed 
treatment with triadimenol reduced significantly the emergence and 
dry matter production at various temperature ranging from 15 to 
35.C as compared to other treatments (imazalil, CGfi-6937A, UBI-
1886 and nurane + nusone). The triadimenol treated seed had 
significantly less infection, both on the seeds and coeloptiles 
upto £5 days (Mathieson and Rush, 1990). In a comparative study of 
the efficacy of triadimenol and carboxin against common bunt, 
triadimenol at the rate of 0.15 to 0.25 per cent reduced the 
infection of Ti1 let ia laevis. For complete control of bunt of 
wheat 1.3 g a. i./kg was required (Uilhelm et^  al. ^  1990). The seed 
treatment with carboxin + thiram and thiophanate- methyl + maneb 
and quazatine gave the best results when applied as slurry method 
against F. culmorum on wheat cultivar during 1988-89 in Italy 
(Fieri et. al. . 1991) however, during 1989-90 , a combination of 
prochloras with mancoseb found most effective than the other 
tested combination. Carboxin treatment (presoaked for 12 h) 
provided 94 per cent control without any side effects against U. 
nuda var. trit ici and it was found superior over hot water 
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treatment (Ram, 199£). 
2.2.4.3. Plant Products 
The pestcides providing complete control have side effects. 
Most of the chemicals directly or indirectly reach to the soil / 
water and drift or evaporate into air during or after application. 
Some of the pesticides are sfery persistent in soil and are riort-
biodegradeable. They remain in food chain over fair'ly long 
periods. 
In view of these facts, there has been efforts towards 
the search of non—toxic and non—hazardous substances such as plant 
products to replace or to minimize the use of pesticide. 
S.S. 4.3. 1. History 
The earliest reference of use of plant products as art aid 
for controlling disease was found in the works of Pliny to 
Democrites in Circa 470 B.C. fimurca of olives (pressed cake left 
after making olive oil) was sprinkled on plants to prevent attacks 
by blight (presumbly powdery mildew) (Mason, 1928). Martin and 
Salman (1931) (cited by Anandalwar and Shetty, 1989) rediscovered 
some £400 years later the fungicidal properties of vegetable oils 
to control powdery mildew. The books on Hindu Mythology written in 
ancient India, also often referred the usefulness of plant 
products for controlling plant maladies (ftnandalwar and Shetty, 
1989). Cunningham (1935) also mentioned the usefulness of 
74 different plant parts in controlling different plant diseases. 
Later, a number of workers have studied the efficiency of 
different plant products against several pathogens. 
S. 2. 4. 3. 2. B>~ief resuming 
Nerie and Thapliyal (1965) found that extract of 
flnagallis arvens i s Linn. was effective in controlling 
Col lectotr ichurn tJapayae, C. 1 indernuth ianum, C. f alcat urn, 
CGlornerel la t ucurnanensis3, G. cingulta., ftlternaria solani , 
He 1 rninthospor 1 urn turcicurn, Pythiurn aphaniderrnat urn. and Rhizopus 
nigricans. The leaf and stern extract of Q. arvensis var. phoenica 
was also found toxic to C. 1 indernuth inurn and Pyth i urn ult irnurn 
(Staron et^  al. , 1969). Out of 88 plant species tested for their 
antifungal activity against H. turcicurn, lA exhibited complete 
inhibition while, 9 species partially inhibited the growth of the 
fungus (Nene et. al. , 1969). Beynon and Brown (1969) obtained 
complete inhibition of the growth of fllternaria brassicicola with 
the leaf extract of wall flower. Kumar and Nene (1959) found that 
the extract of C1 eorne isocandra L. inhibited the growth of 
He1minthosporium maydis and other fungi. Extracts of flzadirachta 
indica A. Juss. and Wadhuca indica Gmel. reduced the growth of 
several plant pathogenic fungi (Khan et^  al.. 1974). Krivykh and 
Dmitrieva (1974) obtained increased germination of cereal seeds 
and yield by dusting the bark and pine cones, fit the same time the 
root rot and smut were found to be reduced. Pariya and Chakravarti 
(1977) pointed out that extracts of fll1ium cepa Linn., Euphorbia 
1i qularia Roxb., Glycyrrhi za glabra Linn., Embelia ri bes Burm. f. 
and Tinospora cordifo1ia Miers. adversely affected the growth of 
Cochl iobolus mivabeanus. Sc 1 erot iurn rolfsi i. fi. alternata and ft. 
niger. The growth of C. mivabeanus was completely arrested by the 
extracts of the bulbs of ft. cepa; of S. rolfsii by stem and root 
extracts of T. cord ifolia; of ft. alternata by seed extracts of E. 
ribes, root extracts of G. glabra and stern and root extract of T^ . 
cordi folia. Germ tube abnormalities followed by lysis and 
disintergrat ion of the gerrn tubes occurred in all fungi tested 
with the extract of E- ligularia. Leaf, stern, flower and root 
extracts of the two species of Vinca were found highly toxic to 
He 1 rn i nt hospor i urn nodulosurn, S. rolf si i. Pest a lot ia sp. , F. 
oxysporurn, Co 11 ectotrichun sp. and ft. niqer (b4arain and Sathpathy, 
1977). The extracts of Vincetoxicum officinale Moench, Saponaria 
ocyrnoides Linn. , ftster alpinus Linn., Chrysanthemum alpinurn Bieb. , 
Paris quadrifol ia Linn., Polyqonat urn y ert i c i 11 at urn ftll., Pi qital is 
grand i f lor Larn. and Vernonica fruct icu 1 osa Linn. were found 
inhibitory to Phytopthora cinnarnoni. Graphiurn u 1 rni, F. oxysporurn, 
Chondrostereurn purpureum. R. so 1 an i . Pest a lot i ops is f unerea and 
ftlternaria radicina (Chaurnont and Joliyet, 1378). Kumar et_ al. , 
(1979) reported the toxicity of ft. cepa, ft. sat ivum Lirm. , 
Parthenium hispidum Rafin. and Phaseolus atropurpureus DC. to 
Setosphaeria rostrata. F. oxysporurn. ft. alternata and Corynespora 
cassicola. The growth of the two pathogens i.e. F. oxysporurn f. 
sp. ciceri and S. sclerot iorurn causing wilt disease in gram (Cicer 
arietinum Linn. ) was reduced by treatment of gram seeds with 
aqueous garlic extract at 7000 and 5000 ppm, respectiyely (Singh 
et al. . 1979). ftmongst five species of the family Convolvulaceae 
tested viz., Convolvulus pluricaulis Choisy and C. alsinoides 
(Linn.) Linn. showed complete inhibition of test pathogen. 
AIternaria brassicae <Kapoor et_ ^-•, 1981). Bhornick and Vardhan 
(19S1) found the extracts of Pioalvphe indica Linri. , Vitex negundo 
Linn., Cinnamon urn carnphora T, , Catharanthus roseus (Linn. ) G.Don. , 
C1 erodendrurn viscosum Vent. , Lantana carnara Linn. var. aculeata L, 
Kalanchoe pinnata Pers., Phyllanthus fraternus Web. and Nyctanthes 
abor—trist is Linn, as highly toxic to a large number of against C. 
lunata. The growth of Col lectot rich urn f alcat urn and Rhi soctonia 
solani was completely inhibited in the extracts of C. carnphora and 
C. roseus. fll larnanda cathart ica Linn, and flrtabotrys hexapetala 
Benth. while extract of Polyalthia long ifolia Benth. and Hook. 
inhibited the growth of C. f alcat urn (Kishore et, al. , 1982). 
Pandey et_ al. , (1982) reported that the ethanolic extracts of 
Dodonaea viscosa (Linn.) Jacq., soyabean, lentil, Leonot i s 
nepetaefolia (Linn. ) W. flit- , Paspalurn scrobiculatum Hook. f. , non 
Linn. Peltophorum pterocarpurn Bent. and Hook. exhibited the 
toxicity against fl. alternata and A. niger. In vivo studies 
Bhornick and Choudhary (1982) found inhibitory effect of leaf 
extracts of ten medicinal plants studied against Q. alternata. 
flcalvpha indica was found most inhibitory followed by Vitex 
negundo and fl. indica. Pandey (198S) while, treating seeds of E. 
corcana with leaf extracts of Datura alba Linn, and Canabis sat iva 
Linn., observed that the extracts were not only highly effective 
in minimizing the seed mycoflora but also improved the per cent 
germinat ion. 
The growth of F. oxysporurn f. sp. udum CF. udurn3 was 
inhibited when extracts of Cumin sp. and Lvcopersica spp. were 
iricorporated in the medium while, H. turcicum by incorporat ing the 
fruit extract of temuru (Diospyros cordi fo1ia Roxb. ) (Prasada and 
Sirnlot, 1982). Amapurna et. al. , (1983) prepared leaf extract of 
Polyalthia lonqi folia in different solvents of varying polarity. 
The antimicrobial activity of so prepared extracts was tested 
against ft. alternata, Co11ect ot r i ch um q1oeospor i o i des and C. 
lunata. Tests indicated that methanol and water extracts were 
effective against these fungi, whereas, other combinations were 
only partially effective. On screening the extracts of leaves of 
30 species of higher plants, those of ftegle marmelos Correa and 
Cestrum diurnum Linn. exhibited 100 per cent fungal-toxicit y 
against R^. solani <Renu, 1983). Singh e^ al. . (1983) found that 
extract of fresh rhizome of Zingiber officinale Linn. adversely 
affected the growth and sporulation of ft. alternata. Pandey et 
al.. (1983) reported 100 and 90 per cent control of Pestalot ia rot 
of guava by the application of A. indica and Ocimum sanctum Linn., 
respectively. Gupta and Singh (1984) found that the extracts of 
Datura stramonium Linn., Calotropis procera CDryand. in] Ait. , 
Cannabis sat i va and Thu.ia spp. inhibited the germination of 
teliospores of N. indica obtained from bunted wheat grains while, 
citrus juice exhibited partial inhibition. The minimum inhibitory 
concentration of extracts of inflorscence, leaves and stems of 
Parthenium hysterophorus Linn, was 100 ppm and at 1000 ppm for 
root extract against ft. fumigatus. ft. ni ger. A. sulphures and 
Microsporium qypseum (Shrivastva et_ al. , 1984). While, Dharmvir 
and Sharma (1985a) noted an inhibition of growth of ft. alternata 
by 61.1 per cent at a concentrat ion of 1 per cent and 100 per cent 
78 inhibition at 10 per cent concentration of oil extracted from 
B.' indica. Dixit et_ al. , (1386) tested 40 species of plants 
belonging to 2.2. families fov" their fungitoxic effect against 
Botryt is cinerea and Col lectot rich urn q 1 oes por i o i d es CGlornerel 1 a 
cinqulataJ. Seedling extracts of flbrus precatorius Linn., cabbage, 
Carrurn copt icuirn (Linn.) Hiern. and radish exhibited 100 per cent 
inhibition of spore germination of the test pathogen. Ln vitro 
studies, the leaf extract of P. long ifolia was found effective 
against ft. alternata, C. dernat iurn, C. qloeospor ides, C. lunata, 
Drechslera spicifer and Wyrotheciurn roridurn (Jetti et^  al. , 1985). 
Nath and Bordoloi (1986) screened 80 wild plant species for their 
antimicrobial properties against Curvularia eraqrost idis and 
HelminthosDori um oryzae. The rnaximurn percentage inhibition of 
growth was obtained with the extract of Ranunculus sceleratus 
Linn, having protoanemoniurn. Tripathi (1986) found the extract of 
young seeds of Iberis amara Linn, as efective against H« oryzae. 
Reddy and Reddy (1987) screened 5£ plants for their 
antifungal activity against D. spici fer and F. solani. The extract 
of fll lernando cathart ica Linn. , Cassia nodosa Buch-Harn. ex Roxb. , 
Samanea saman Linn, and Peltophorum pterocarpum Benth. and Hook, 
completely inhibited spore germination of both the fungi while, 
flqave arnericana Linn. , Impat iens balsamina Linn, and Cassia nodosa 
Linn. (leaf) inhibited the germination of F. solani spores, but 
only partly inhibited that of C. spicifer. ftbul-Fazal et_ al. , 
(1987) obtained good control on the fungal mycoflora associated 
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with wheat seeds by treating with latex of C. procera. Singh et 
al., (198B) isolated new flavones and flavone glycoside (phenolic 
compounds) namely echinacin and echinaticin from the whole plant 
of Echinops echinatus Roxb. ftfter testing it against ft. tenuissirna 
they observed that all the compounds were toxic at very low (25 to 
150 /ug ml" ) concentration. Therefore, they suggested that the 
compounds may be used in field against ftlternaria blight of pigeon 
pea- Echinacin was more effective than echinaticin. Leaf extracts 
of 16 plants were tested by Rahber—Bhatti (1988) against Puccini a 
recond i t a f. sp. tr it ici. Extracts of Picacia ni lot ica Del., C. 
procera. D. stramonium. Dodonaea viscosa Linn, and Rhazya strict a 
Dec. effectively controlled infection of rust on dettached leaves. 
On the other hand, the extract of Cassia senna Linn, enhanced the 
germination of uredospores. Eight common Indian medicinal plants 
viz., neem (ft. indica), kuchila (Strychnos nux-vomica Linn.), 
eucaluptus (Eucalyptus occidental is Endl. in Enum. ), tulsi (Ocimum 
sanct um Linn. ), bel (fleqle marmelos Linn. ), varun (Crutaeva 
reliqosa Linn.), Ephedra (Ephedra foliata Boiss.) and mehendi 
(Lawsonia inerrnis Linn.) were tested for their efficacy in vivo 
and in vitro against stylar rot of gauva (Phomopsis psidi i Linn. ) 
and soft rot of grapes (P .vit icola Linn. ). Extacts of neem, 
kuchila, Eucalyptus and tulsi at 75 per cent concentration showed 
inhibition in growth of the two pathogens to the extent of more 
than 75 per cent (flrya, 1988). Khan (1989b) evaluated the efficacy 
of four plant species (Calendula officinal is Linn., Chrysanthemum 
coronarium Linn., Pimorphotheca sinulata DC. and Dahila pinnata 
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Cav. > of family cornpositae against seed rnycoflora of wheat. Oil 
the fungi associated to rnycoflora of seeds were found sensitive to 
highly sensitive to the test plants. The 100 per cent 
concentration of the extract was more toxic than 50 per cent 
concentration. Extracts from five west African plants were 
evaluated i_n vitro for their f ungitoxicity against Ust i laqo maydis 
CU. 2eae3 Ust ilag inoidea virens, Curvularia 1unat a and Rh izopus 
sp. Steam distillate from leaves of Cywbopoqen citratus completely 
inhibited the growth of all the four fungi. The hot water extracts 
from fresh leaves of Ocimum qrat issimum Linn. and Chrornoleana 
odorata. and dry fruits of Xylopia aethiopica reduced the radial 
growth by 10-60 per cent, ft hot water extract from the dry fruits 
'"'^  Mondera myrst ica was found effective f ungitox icant (flwuah, 
1989). flhsan (1989) studied the efficacy of C. procera latex and 
Cuscuta reflexa Roxb. extracts on seed rnycoflora of Brassica 
campestris Linn. He found that extracts of both the plants were 
effective as fungitoxicant taut the latex of C. procera was highly 
effective than extract of C. reflexa . The latex completely 
inhibited the growth of important seed—borne organisms viz., ft. 
alternata. ft. brassicae and ft- brassicicola associated with B. 
campestris seeds. The vapours of Ocimum canurn Sims, collected in 
the form of oil were found to exhibit strong toxicity against S. 
ro1f5i i. a foot rot pathogen of barely and also to nine other 
fungi. The minimum inhibitory concentration of the oil was 4000 
ppm. The concentration of 6000 ppm exhibited fungitoxic properties 
against the pathogen S. rolfsi i (Singh and Dwivedi, 1978). ft 
comparative efficacy of plant products and fungicides on rnycoflora 
of chickpea was made by Khan et_ al.. , (1983a). They found that 
amongst the plant pi-oducts of fl. indica, C. reflexa, Solanurn 
nigrum Linn., C. procera and Euphorbia pulcherrima Willd. ex 
Klotzch; C. procera was not only most effective but also as 
effective as fungicide, benlate. The extract had a broad spectrum, 
inhibiting all the mycofloral fungi without affecting the per cent 
seed germination. Later, Khan et_ A1_. , (19S3c) found C. procera as 
most effective in controlling a number of seed-borne fungi 
associated with Trit icale hexaploide but ineffective in 
eradicating ft. ni qer, ft. f lavus and Penci 11 i urn sp. however, 
frequency of their occurrence was appreciably reduced as cornparea 
to control. The latex of Calotropis procera was found highly toxic 
to fungal mycoflora associated with wheat seeds, however, extracts 
of ft. indica, Ch r y sa nt h en urn roseurn and ftrqemone mex icana Linn, 
were also toxic to fungi but found ineffective against ft. flavus 
and ft. niqer (Khan et. al.. , 19a3c). ftmongst different plant species 
tested for their inhibitory effects on aflatoxin production in 
mustard, extract of f^rirnonai squamosa Linn, caused 90 per cent 
inhibition of the aflatoxin production while, amongst spices, 
cardamom and tumeric the synthesis of aflatoxin almost completely 
(Sahay and Ranjan, 1991). During screening of some plant species 
for toxicity of their volatile components against mycelial growth 
of Sclerotium rolfsi i. a foot rot pathogen of barley, leaves of 
Ocimum canurn Sims, Eucalyptus globulus Labill. and Citrus medica 
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Linn. were found effective <Singh and Dwivedi, 1990), Leaf 
extracts of twelve plant species were tested for their volatile 
toxicity against F, oxysporurn f. sp. udurn CF. udurnll • The leaf 
extract of Cymbopogon mart ini i Roxb. Wats, at 1000 pprn exhibited 
the strongest toxicity by inhibiting completely the mycelial 
growth of the test pathogen however, at 1500 pprn it had a broad 
fungitoxic spectrum inhibiting various species of ftsperq ill us and 
Penici 11 i urn (Sri vast ava et_ al. . 1990). Out of essential oils of 16 
plant species tested against ft. flavus, the oil of flnthium 
qraveolens Linn, exhibited maximum toxicity at a minimum dose of 
IxlC^Ail/l. In addition to ft. flavus, it also inhibited the growth 
of 17 other fungi (including some pathogenic to human being) at 
same dosage (Dubey et_ al. . 1990). The latex of C. procera was 
found highly effective in eradicating mycofloral fungi of chickpea 
(Khan et. al.. , 1993). 
£.3. fllteynar'ia triticina - the causal oi~ganisin of leaf blight 
of wheat 
£.3.1. Histor-y 
Kulkurni (1924) was the first to report from Bombay 
Presidency, a species of fllternaria which attacked all parts of 
wheat plant and considerably reduced the yield. In the same year 
McRae reported a disease caused by fllternaria associated with 
wheat in India. 
McRae (1933) again mentioned in the annual report of the 
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then Imperial Agricultural Research Institute, now Indian 
Agricultural Research Institute (I.fi.R.I.), that a species of 
fllternaria occured Gvery year on wheat at Pusa forming brownish 
spots with pale yellow ring on the leaves. The fungus isolated 
from the leaf spot proved pathogenic. It also pv^oduces foot rot on 
artificial inoculation. 
Subsequent to McRae's observation, till 1950 no further 
report of occurrence of this disease was made from India. In 1950, 
Mehta observed a leaf spot disease of wheat caused by ftlternaria 
species in severe form on the cultivars of wheat, grown at 
research station, Kanpur, Uttar Pradesh. The infection was so 
extensive and severe that the leaves dried up pre-maturely 
resulting in considerable reduction in the yield. The disease was 
restricted to durum wheat varieties, viz., C.P., Bansi, Bansipalli 
aOS and others. Isolations from the lesions gave a culture of 
fllternaria, which on inoculation to wheat gave typical symptoms 
within A-6 days. It was considered as seed-borne. However, exact 
identity of the species of fllternaria was not established. 
The wide spr^ead prevalence of this disease was subsequently 
reported by Bose (1956). A severe outbreak of leaf spot caused by 
an unidentified species of ftlternaria on durum wheat was also 
reported at Central Rice Research Institute, Cuttack <Orissa) . 
Mathur <1956) while, testing the pathogenicity of the fungus on 
one week old seedlings, found that in the presence of excess 
moisture the whole plant rotted on fifth day. The pathogen was 
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identified as Q11 ernar i a tenuis Auct. 
Later, Benerraj (1960) reported ftlternaria blight of wheat 
from findhra Pradesh. Govind Rao (1961), based on the work on 
Benerraj (loc. cit.) reported that leaf blight of wheat is caused 
by ft. tenuis which causes parasitic and saprophytic infection on 
seeds and seedlings. 
Prasada and Prabhu (1952), working with this species of 
ftlternaria at I.A.R.I., New Delhi identified it to be a virulent 
pathogen, and named it as trit icina species of fllternaria genus. 
2. 3. 2. Symptoms 
McRae (1933) first described ftlternaria infected plants as 
having brownish spots with pale yellow ring around it on the 
leaves, but Mathur (1956) observed that the disease first appeared 
as yellowish brown spots on the leaves particularly near the 
tip. The spots later expanded longitudinally along the leaf. The 
older spots have greenish centre and dirty brown margin. In 
susceptible varieties green awns were observed to be affected by 
the fungus. The pathogenic effect was proved on one week old 
seedlings under controlled conditions. In the presence of 
moisture, there was more intensity of the disease resulting in 
death of all the leaves which culminated into seedling rot. 
Recording to Benerraj (1960), the disease appeared as large 
irregular elongated, discoloured lesions on the leaves which 
coalesced in severe cases. Large irregular, discoloured lesions 
were formed in the case of parasitic form, while numerous tiny 
spots infesting the entire lamina in case of saprophytic forms of 
fungus. Later, tiny spots developed to form small round to oblong, 
dark brown to black spots. However, there was no visible 
discolouration or blighting. 
Prasada and Prabhu (196£), and Chenulu and Singh (1364) 
found at earlier stages of infection the affected leaves showed 
distinct brown oval spots which became irregular as they enlarged 
and a bright yellow marginal zone was also sometimes seen around 
the spots- fts the disease progresses, several spots coalesce and 
cover the whole or^ part of the leaf giving it a blighted 
appearence. fit this stage the destructive nature of the disease 
was most conspicuous. Heavily infected fields present a burnt 
appearence and could be recognised from a distance. 
ft detailed study on its epidemiology was made by Prabhu and 
Prasada (1966a). According to them the disease first makes its 
appearence as small, oval, discoloured lesions, irregularly 
scattered on the leaves. The spots as they enlarge become 
irregular in shape and brown to gray in colour, ft bright yellow 
marginal zone was sometimes noticed around the spots which are of 
varying dimensions and attaining a diameter 1 cm or more. With the 
progress of the disease, several lesions coalesce and cover large 
areas resulting in the death of entire leaf. In some cases, the 
leaf starts drying up from the tip pre-rnat urely with the 
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appearence of the lesions. Black powdery conidia cover the lesion 
at this stage under rnoist conditions. The lower most leaves are 
always the first to show the sign of infection which gradually 
spreads to the upper leaves. In severe cases of infection, similar 
symptoms s^r^ produced on the leaf sheath, the ear, the awns and 
the glumes. 
In the field, the disease appears when the plants ar^e seven 
to eight weeks old and become virulent in the later half of 
February when crop is mature. Starting along the irrigation 
channels where the soil moisture is high, it spreads rapidly until 
the whole plant is involved. Heavily infected fields present a 
burnt appearence and can be identified from a distance. Since this 
is the most conspicuous phase of the disease, it has been called 
as 'leaf blight' (Prabhu and Pr^asada^ 1966a). Sokhi and Josh i 
(1374) also noted similar type of symptoms but they observed that 
generally field symptoms appeared when the crop is six to nine 
weeks old, after which it may spread rapidly. The maximum 
development of lesions (10.20x1.90 m. m. ) was observed at £5*^0 with 
a high humidity (Ram and Joshi, 197Sb). 
2.3.2.1. Symptoms on the seed 
Unlike the symptoms of black point disease in which 
blackish discolouration has been mostly confined to the embryo 
region, the black-brown discolouration caused by Q. triticina 
extends to whole of the grain, including embryo, cheeks, crease 
and beared region often resulting in shriveling of seeds (Prabhu 
and Prasada, 1966b; 1967). The dark brown pericarp contained more 
rnyceliurn than the bearded region. Dense mycelial mats were formed 
between epidermal surface and cross layers but starchy endosperm 
region remained free (Bhomick, 1969). 
Although, ft. trit icina has been known to take part in 
causing black point disease (Rana and Sengupta, 1982; Logrieco, 
1990), however, in the view of the observations of Prabhu and 
Prasada (1967) it is very difficult to separate the black point 
infection caused by fl. trit icina with those caused by other fungi. 
The sypmtoms of both the diseases were quite often overlap. 
2.3.3. Gross morphology or Taxonomy 
Prabhu and Prasada (195S), for the first time, identified 
this fungus. The characters of mycelium, conidiophore and conidia 
described by them are as follows: 
Colonies discrete or effuse, dark blackish brown to black 
in colour. Mycelium initially hyaline, later olive—buff to deep 
olive-buff, branched, septate, £-7 Atrn broad. Conidiophores similar 
to mycelium in colour, septate, usually unbranched but sometimes 
branched, erect on the host single or fasciculate, emerge through 
stomata, amphigenous when foliicolous, geniculate straight, length 
variable, between septa 17-2^m long, 3-6yurn broad. Conidia 
acrogenous, borne singly or in chains of £-4, smooth irregularly 
oval, Pseudostemphlium like, with both ends rounded, ellipsoid or 
ellipsoidal conical, gradually tapering into beak, beak 
concolorous with the main conidial body, straight, £—37><3-'^m, 
spore body light brown to dark olive buff, becomes darker with 
age, with 1-10 transverse septa and 0-5 longitudinal septa, size 
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variable, length including beak 15-S9/.un, breadth 7-5C)<.irn. 
Ellis (197&) observed conidiophore length upto SOurn and 3-
6urn thick having golden brown in colour. The size of the conidia 
varied between £'0-9C)/<.(rn in length and 9-30um in breadth, having 
beak shorter than or same length of the body of conidia and 
measuring 3-5/um in thickness. 
Raut et_ al. , (19Q3) observed production of abundant 
conidia on incubation of seed under blotter test. The conidia 
mostly solitary or in chains of £-9. Main conidial chains also 
showed 1-5 subbranches, bearing £-5 conidia on each branch. 
2. 3- 4- Host range 
Wheat has been reported as an exclusive and only host of 
this fungus. The other related graminaceous e.g. barley, oats, 
wild grasses, have been found as non host <Prabhu, 196£:; and 
Prasada and Prabhu, 1962). Several othev^ non related families 
viz. , Leguminosae, Cruciferae, Cornpositae, Cucurbitaceae, 
Solanaceae have been found as non host of this fungus (Prabhu and 
Prasada, 1966a). However, different species and varieties differ 
in their susceptibility (Prabhu and Prasada, 1966a; Kumar et_ al. , 
1974) and in general, it has been severe on high yielding rust 
v^esistant mexican dwarf varieties of wheat (Prabhu and 
Swaminathan, 1968; Joshi et_ al.. 1974; Singh and Tyagi, 1980; 
Frisullo, 1982; Ahmad and Singh, 1983 and Logrieco et. al. . 1990). 
2.3.5. Geographical di5tr*ibut;ioin 
A. trit icina has been distributed all over India in all the 
wheat growing states (Kulkurni, 1924; McRae, 1924; Mehta, 1950; 
67 
Bose, 1956; Prasada and Prabhu, 1962; Chenulu and Singh, 1964; 
Joshi et. ai.. , 1974; Prabhu and Bwarninathan, 1968; Sokhi, 1974; 
Prabhu and Singh, 1974; Pigarwal et. al.-? 1976; Kumar and Av-ya, 
1973a; Plhrnad and Singh, 1983; Rant et_ al_. , 1983; fthrnad, 1985 and 
Singh et_ al. , 1990) . But not intercepted from any country other 
than India till 1978, when ftnahosur (1978) reported for the first 
time from Northern Africa and the Middle East. Later, Waller 
(1981) Y^eported from South fimerica. Frosullo (1982) then reported 
it from Southern Italy. Rashid et. al. , (1985); Basak et_ al. , 
(1987) and Rashid et. al.. , (1988) detected it in Bangladesh. 
Recently, its occurrence in samples collected from Mediterranean 
Countries viz., Egypt, Frarice, Greece, Italy, Portugal, Turkey, 
and Yugoslavia has been reported by Logrieco et. al.. (1990). 
2.3.&. Locat ion 
2. 3. 6.1. On the seeds 
The spores of P. trit icina have been found to adhere loosely 
on the seed surface (Prabhu and Prasada, 1967; Kumar and f^rya, 
1976; Sokhi, 1974 and Raut et. §1.., 1983). The mycelial bit of the 
pathogen was also found to remain stick with the seeds (Prabhu and 
and Prasada, 1967). 
2. 3. 6.2. In the seeds 
Histopathological studies showed the deep seated nature of 
the fungus, and it could not be wholly eliminated even after 
soaking in disinfectant (Prabhu and Prasada, 1967 and Kumar and 
f)ryai, 1976) for 240 min. (Prabhu and Prasada, 1967). This was 
confirmed by microscopic examination of the pericarp and embryo of 
68 
the seed (Prabhu and Prasada, 1967). The external mycelium 
penetrated the epidermis to cause seed infection (Prabhu and 
Prasada, 1967 and Bhomick, 1969). The dark brown pericarp tissues 
of the basal and embryo region contained more mycelium than did 
the bread region. It fov^med dense mycelial mats between the inner 
epidermal surface and cross layer cells but the starchy endosperm 
region was neither invaded nor discoloured (Bhomick, 1969). 
2.3.7. Perpetuat ion 
2. 3. 7. 1. Through seeds 
The primary source of infection in ft- triticina has been 
found to be seed borne conidia <Prabhu and Prasada, 1967; Kumar 
and flrya, 1976 and Vijayakumar and Rao, 1979c). The infection was 
repov^ted to be partially internal and partially external, in the 
later conidia sticking on the surface of the seed (Prabhu and 
Prasada, 1957). The internal borne conidia later established 
itself as dormant mycelium inside the seed between the inner 
epidermal surface and the cross layers cells (Kumar and ftrya, 
1973a). The starchy endosperm were neither invaded nor discoloured 
(Bhomick, 1969). However, no significant difference was found in 
germination of seeds infected with A. trit icina and the healthy 
ones (Prabhu and Prasada, 1955). Also, no disease symptom was 
observed either on the seedlings or on the roots developed from 
infected seeds (Prabhu and Prasada, 1967). Therefore, Kumar and 
firya (1973a) concluded that although the disease perpetuated 
primarily through the seed as internal seed-borne but the 
infection was not systemic. The pathogen can remain viable for 12 
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months in storage condition (Prabhu and Prasada, 1967). 
2.3.7.2. Through air 
The secondary infection takes place by air—borne conidia 
(Kurnar and Arya, 1976 and Sokhi, 197A) probably through direct 
penetration (Kurnar snd firya, 1976) but rarely through stornata 
(Vijayakumar and Rao, 1979a). Rangaswami (1981) considered ai>— 
borne inoculum as primary source of spread of this disease. 
2.3.7.3- Through soil and Plant debris 
The pathogen rnay multiply in the soil and subsequently 
attack the plant when they reach the susceptible stage. The leaves 
in contact with the soil may thus get infected or spores may 
splash by rain to the lower leaves from which the disease 
gradually spreads to upper leaves. The crop grown in infested soil 
may be of great importance in initiating fresh infections and 
subsequent dissemination of the inoculum to other fields (Prabhu 
and Prasada, 1965a). The fungus also over summers in the field as 
plant debris (Prabhu and Prasada, 1965b) but it can survive only 
for two months in infected wheat debris placed on the soil surface 
during the summer months, compared to four months in buried debris 
(Vijayakumar and Rao, 1979c) and upto 20 months under laboratory 
conditions (Prabhu and Prasada, 19&&a) . Vijayakumar and Rao 
(1979c) reported loss of viability of spores within a month under 
field condition. Similarly, Kumar and ftrya (1973a) found loss of 
viability of spores under very high summer temperture in the 
field. 
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2.3.8. Effect of different factors on growth, infection and 
d i sease d eve1opment 
2. 3. 8. 1. Temperat ure 
£. 3. 8. l.l.rn vitro (growth) 
The fungus Q. trit icina can grow in culture media over a 
fairly wide range of temperature, however the optimum growth of 
the fungus was found at £5 C based upon rate of increase iri 
diameter of colony. The decrease in colony size was very rapid on 
and above 30 C, and at 35 C the sporulation was retarded with an 
increase in the growth of abnormal aerial mycelium. Similarly, 
there was no spore formation at lower end of the temperature 
(Prabhu and Prasada, 1965a). 
2. 3. 8.1.2. rn vivo (disease developunent) 
No infection was observed by Prabhu and Prasada (1966) 
when average temperature was 18"C and below, but when the 
temperature increased to 20 C and above, slight infection was 
observed that too on lower leaves. Heavy infection was recorded 
when the temperature was above 25IIC and almost no infection at and 
above 30 C (Prabhu and Prasada, 1966a). The maximum development of 
lesion was observed at 25CC which measured upto 10.80x2.30 mm 
and at 20 C the disease development was more than that at 15 C and 
30 C but less than 25 C. The lesion could also develop between 
temperature 15 to 30°C (Ram and Joshi, 197ab). But Prabhu and 
Prakash (1973) was of the view that lesion could appear at 10 C 
with minimum of >10 h leaf wetness under artificial inoculation 
condit ion. 
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2.3.9. Relative humidity (infection) 
A minimum period of IS h in saturated atmosphere was 
necessary for establishment of infection, however, the percentage 
of infection was quite low. Even a period of £4 h in saturated 
atmosphere was not conducive for good infection, fi good infection 
was achieved if the plants were exposed for 48 h in moist chamber 
which showed spots on fifth day whereas, numerous chlorotic spots 
indicating heavy infection were observed on fourth day in those 
plants which were incubated for 72 h (Prabhu and Prasada, 1955a). 
The leaves became chlov^otic and turn yellow when the plants were 
allowed to remain for 92 h in moist chamber (Prabhu and Prasada, 
1966a and Ram and Joshi, 197flb). Leaf wetness for > 10 h for 4 
consecutive days following inoculation with coincident average 
temperature minimum 10 to 12.2 C resulted in moderate to high 
blight intensities (Prabhu and Prakash, 1973). 
2.3.10. Changes in carbon, nitrogen, amino acid, proteins as a 
result of infection 
2- 3. 10. 1. Carbon 
A close correlation was found between sugar levels in stem 
and leaves and disease intensity of leaf blight (Reddy, 1957). If 
the content of non-reducing sugar was low, the disease incidence 
was high and vise-versa (Prabhu and Swaminathan, 1968). The leaf 
blight infection resulted from O. trit icina caused a decrease in 
quantity of sugars and starch in both resistant and susceptible 
varieties upto 5 days of inoculation in resistant variety, while 
it continued in susceptible variety. The resistant variety had 
higher concentration of sugars indicating A. triticina as low 
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sugar pathogen <Vijayakurnar arid Rao, 1980b). In case of variety 
N.P. 823, a resistant to leaf blight had relatively higher non 
reducing sugar as compared to susceptible one. Disease intensity 
was retarded in N.P. 830, when the plants were artificially fed 
with sucrose. Treatment with growth hormone £,4-D which has been 
known to deplete the carbohydrate levels increased the 
susceptibiIty to leaf blight (Prabhu and Swaminathan, 1968). Kumar 
et al.. (1974) also found lowest total sugar (pentoses and 
hexoses) in highly resistant variety and twice as much in 
moderately resistant variety, RS 31-1. Reddy (1967) and Sokhi 
(1971) also found a definite relationship between disease 
development and resistance and the susceptibility of plants with 
sugar content. However, Sokhi and Joshi (1973) and Kulshrestha and 
Rao (1977) did not find any correlation between sugar content 
(reducing and non-reducing) of cornrnericia 1 wheat cultivars and 
their susceptibility to pathogen fl. triticina at different growth 
stage. 
2. 3. lO. 2. Nitr*ogen (gr*oMth and infect ion) 
The infection resulted from Q. triticina showed an 
increased nitrogen content in susceptible variety and a decrease 
in resistant variety (Vijaykumara and Rao, 19a0b) but Kumar et 
al., (1974) detected lowest nitrogen content in highly resistant 
variety and twice as much in moderately resistant variety, RS-31-
1. fisparagine supported highest growth in the culture media (Kumar 
and flrya, 1978; Singh and Tyagi, 197aa) however, sporulation was 
recorded poor to fair (Kumar and firya, 1978). Highest sporulation 
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was observed when potassium nitrate was incorporated in the media 
(Singh and Tyagi, 1978a). 
2.3.lO.3.Fertilizer (infection and disease development) 
In general, the plants heavily fertilized with nitrogen are 
usually severely attacked by many pathogens than Are less 
fertilized (Agrios, 1988). Same is the case with pathogen ft. 
tri tici ns inflicting leaf blight on wheat pletnts. Rashid et_ si. , 
(19S5) studied the £5 treatment combinations with three 
fertilisers (urea, triple super phosphate and gypsum) on the 
occurrence and severity of leaf blight disease on susceptible 
wheat cultivar, Balaka. Increased dose of nitrogen (urea) and 
phosphorus (triple super phosphate) decreased the disease 
incidence, also the three fertiliser applied together 
significantly favoured the disease severity. However, in another 
study, Rashid et^  al. . (1988) contradicted his own findings i.e. a 
significant increase in disease intensity was observed when 
nitrogen and phosphorous were applied together and also alongwith 
gypsum. Similar findings were observed by Prabhu and Prasada 
(1966a). Increased application of nitrogenous fertilizers has been 
found to be linked with decrease tolerance to leaf blight caused 
by fl. trit icina. 
2.3.10.4.Protein and amino acids 
The total and amino nitrogen increased in the susceptible 
variety whereas, these decreased in resistant variety due to 
infection caused by A. triticina. The concentrations of free amino 
acids increased simultaneously with increase in protein amino 
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acids in infected plants of both the varieties (resistant and 
susceptible). The concentrations of amino acids specially of those 
involved in aromatic metabolism increased markedly in disease 
plants of resistant variety as compared to susceptible ones 
(Vijayakumar and Rao, 1980b). 
The free amino acid content susceptible variety, i.e. the 
concentration of aspartic acid, glutamic acid, serine and tyrosine 
decreased as a result of infection. Whereas, other amino acids 
tended to increase. Cystine and lysine, present in the resistant 
variety were absent in susceptible variety, whereas, alanine was 
present only in the later (Vijayakumar and Rao, ISSOb). The 
concentrations of aromatic amino acids like tyrosine, 
phenylalanine and tryptophane was high in healthy leaves of 
resistant as compared to susceptible varieties, however, protein 
bound amino acids increased in both the varieties as a result of 
infection. The increase in concentration was more in the infected 
plants of resistant variety (Vijayakumar and Rao, 1980b). 
The protein content in the infected seeds showed an 
increase of 76 per cent over the control (Ram and Joshi, 1979). 
Addition of thiamine, biotin and riboflavin at the rate of 50, 50 
and 10 ppm, respectively in media significantly increased the 
mycelial growth of the ft. triticina. The increase was recorded as 
7£, 66 and 19 per cent, respectively ( Sankhla et. al. . 1971). 
2.3.lO. 5. Growth regulators 
The growth regulator i.e. Indole ftcetic ficid (Ifift) when 
incorporated in the media at the rate of 0.5 and 1.0 ppm 
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increased the mycelial weight of pathogen over the control. 
However, Indole-3-butyY-ic acid (IBfl), £-Naphtoxy acid (NoAft) and 
Indole-3-Y-proponic acid (IPft) reduced the mycelial weight, 
significantly (Bhankhla et_ al • , 1971). 
S.3.10.6.Hydrogen—ion—concentration (pH) (on growth) 
The pH is known to have a profound effect on growth and 
sporulation of fungi <Lilly and Barnett, 1951). Large number of 
studies carried out on this aspect indicates that spore production 
takes place over a narrow range of pH than mycelial growth 
(Hawker, 1950). In general, sporulation in Q. trit icina was more 
in media which turned neutral or alkaline than acidic ones (Singh 
and Tyagi, 197Sa). Reddy (1967) found 5.5 as the best pH for 
growth and sporulation of ft. triticina in media but Ram (1974) 
considered 5. O as the best pH. 
2. 3. 10. 7.Chlorophyll 
The chlov^ophy 11 content was found to decrease in both 
resistant and susceptible leaves as a result of infection but the 
decrease was twice as much as in the susceptible variety 
(Vijayakumar and Rao, 1980b). 
2.3.11. Control of disease 
2.3.11. 1. Physical method 
Single phase hot water treatment at 52 and 54 C for 10 and 
15 min failed to control the infection of seeds with A. 
trit icina, however, pre-soaking in tap water for 4 h at room 
temperature (30 C) followed by similar hot water treatment was 
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found most effective iri disinfect i rig the seed. When the duration 
of the heat treatment was increased from 10 to 15 rnin, seed 
germination was adversely affected (Prabhu and Prasada, 1967). 
Singh and Tyagi (1980) also considered pre-soaking in tap water 
for 4 h at room temperature followed by heat treatment at 5S C 
for 10 rnin as effective method for controlling the A. t r i t i c i na 
infection on seeds. 
2. 3. 11. 2. Chemical method 
Treatment with maleic hydrazide resulted into an increase 
in leaf rust incidence and a decrease of leaf blight in Motia 
variety (susceptible to both leaf blight and leaf rust) (Prabhu 
and Swarninathan, 1968). In field trials, Tandon et, al. . (1967) 
obtained effective control of Q. triticina with 6 sprays at 14 
days intervals of cuman (80 per cent ziram) or dithane S—31 at the 
rate of 2 and 3 Ib/act^e. Sankhla et_ al. , (1970) also found cuman 
as most effective at 0.15 per cent concentration as seed treatment 
followed by dithane M-45 at 0-2 per cent and bisdithane at 0.2 per 
cent concentrations. Ij2 vitro, the vegetative growth of the fungus 
was completely inhibited. However, the fungus was found to develop 
resistance on progressive increased concentration of dithane M-45 
and vitavax. Cultures which became resistant to vitavax were also 
found resistant to higher concentrations of dithane M—45 but the 
reverse was not true. Cuman was the most potent fungicide with the 
lowest E.D. 50 value as 31.50 ppm followed by dithane M-45 
(33.71), bisdithane (35.12), vitavax (38.12), miltox (38.65), 
captan (42.48), blue copper (44.26), dithane Z-7a (46.49), blitox 
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(48.04) and plaritvax had the highest E. D. 50 value 43.89. However, 
Singh and Singh (1971) found dithane Z-78 and dithane M-45 as most 
effective fungicides for control of leaf blight in field trials. 
Kumar and flrya (1973c) found that none of the tested fungicides 
completely controlled seed-borne infection, however, thiram and 
dithane M-45 gave 50 per cent control at 0.5 per cent 
concentration. In pot tests, when cuman, zineb and ziride sprayed 
at the concentration of 500 ppm showed promising result on 
moderately susceptible host. Bhomick (1974) also found ziram as 
most effective for inhibiting growth and sporulation of ft. 
trit icina. in vitro; the order of toxicity was ziram, dithane M—45, 
fytolan, dithane Z-78, cosan and dithane S—31. Increased 
sporulation was observed in medium with dithane 2—78 and captan 
higher but nonlethal concentrations of the fungicides. In field 
trials, ziram also gave the lowest infection index when plants 
were inoculated immediately after fungicidial treatment. 
Whereas, dithane M-45 was most effective followed by captan when 
plants were inoculated 10 days after their application. In 
general, 0.2 per cent concentration of the tested fungicides was 
more effective than at 0.1 per cent. In spray in pots with ziram 
and dithane M-45, £ lb/100 gallon proved more effective than 1 
lb/100 gallon. This led Bhomick (1974) to suggest that the spray 
of either of these two fungicides at 2 lb/100 gallon concentration 
with 10 days interval was more satisfactory for disease control. 
Ekbote and More (1976) obtained highest grain yield after 
treatment with parazate and di^^'&FfTi^^?^^^ with one spray in field 
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trials. The yield was signif icarit ly higher than in control and in 
plot having treated seeds. They suggested a seed treatment with an 
organo-rnercury compound followed by a prophylactic spray with 
parazite or dithane Z-7S at the boot stage for effective control 
of leaf blight. However, flgarwal et, al. . (1976) suggested two 
sprays of fungicides, for satisfactory control of disease, one 
just after appearence of disease and other after fortnight of 
first spray. They obtained £4.0, 38. 0, 43.0 and 56.6 per cent 
incidence of disease when treated with dithane M—45 <2 kg/ha), 
dithane Z-78 (£ kg/ha), RH-124 (1 kg/ha) and difoltan (£kg/ha), 
respectively. Thiram, dithane M—45 and zineb were also found 
effective in controlling the disease before its establishment. 
They also increased the 1000-grain weight but once the disease 
established itself, none of the tested fungidices proved 
satisfactory in controlling the disease (Rarn and Joshi, 1977). The 
systemic fungicides tested,however, were found ineffective. 
In the field trials, Ojha and Mehta <1977) found dithane Z-
78 as most effective in reducing infection and at the same time 
increasing the yield. It was followed by dithane M-45, curnan, 
blitox-50 and fytolan. But one prophylatic spray with fytolan at 
0.1 per cent concentration on 60 days old plant suppressed the 
appearence of pathogen to large extent (Ram and Joshi, i978a). 
While, 3 sprays of fytolan (@ O. 1 5t cone.) at an interval of 10 
days on post inoculated plants reduced the disease intensity 
almost and increased the yield components like ear length, number 
of grains per head and 1000 grain weight. It decreased the disease 
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intensity by 10 per cent and increased the yield by 27.7 per cerit. 
Singh et. a^ .. , (1979) were of the view that 2 sprays at £ intervals 
(10 and 15 days) with dithane M-45 and dithane Z-76 did not check 
the pathogen. While, application of dithane 2-78 (5-6 sprays at 10 
days interval or 4 spray at 15 days interval) gave the best 
control and highest yield of the crops. It was superior over rest 
of the treatments in these studies. Amongst, the fungicides tested 
by Vijayakurnar and Rao (1979a) agrosen GN and busan completely 
inhibited the growth of the fungus even at very low concentration 
i.e. 50 and £5 pprn, respectively. Good inhibiting effect was also 
observed with actidone and vitavax but benlate-T, brassicol, 
kitazine and difoltan failed to check the growth and sporulation 
of the fungus rn vitro studies. Four sprays of dithane 2-78 or 
dithane M-45 both at 0.25 per cent concentration at 10 or 15 days 
intervals resulted into an increase in yield but best result was 
obtained when zineb was sprayed at 10 days interval (Singh et^  al. , 
19Q0). Singh and Tyagi (1980) found that none of the fungi-
toxicants tested could eliminate the infection at the rate of £ kg 
per quintal seed. However, all the toxicants reduced the 
infection to a varying degree. Reduction in infection to the 
extent of 12-21 per cent was observed by pretv^eating seed with 
disinfectant mercuric chloride at 0.1 per cent concentration 
(Raut et. al_. , 1983) but Prabhu and Prasada (1967) however, did 
not find any change in degree of infection by pretreating seeds 
for 240 min with mercuric chloride. Oil the 11 fungicides tested 
as a seed dresseY-^ by Raut et. al. . (1983) against two heavily 
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infected seed lot <65.O and 77.5 per cent infection), rovral, 
thirarn and ceresan wet i? .£5 per cent, eliminated the seed 
infection upto 99, 97-99 and 9S-96 per cent, respectively. These 
fungicides were closely followed by benlate-T. ft significant 
reduction in leaf blight was recorded by fthrnad (1985) on treating 
the seed with agrosen-GN at £.0 g/Kg seed alongwith 3 spray at 15 
days intervals. Increased yield (6.05q/hectare) together with 
improved cost benefit ratio 1:1.83 was observed over untreated 
check. 
2.3. 11.3. Antibiotics 
ftureofungin, was the only antibiotic which was tested 
against ft. trit icina that too vn vitro. This antibiotic showed a 
very high degree of inhibitory effect against growth of the 
fungus. Kumar and flrya (1973b) obtained promising results at 500 
ppm concentration, however, Vijayakumar and Rao (1979d) found its 
inhibitory effect against growth of this pathogen at 50 ppm 
Subbaiah and Rao (1975) showed aureofungin as highly inhibitory to 
spore germination even at lowest concentration i.e. 5 ppm where 
the per cent of germination was only recorded £7 per cent. Both 
percentage of germination and length of germtubes decreased 
further as the concentration increased. The minimum lethal dose 
for spore germination was £5 ppm. 
2. 3. 11.4. Resistance 
The different wheat cultivars showed different degree of 
resistance against leaf blight disease. fi large number of 
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cultivars have been screeried by various workers (Prabhu and 
Prasada, 1366b; Katiyar and Singh, 1363; Sokhi and Joshi, 1373; 
Singh gt_ ai.- ? 1377; Singh and Tyagi, 1373; Pat i 1 sirid Wanikar, 
1381; Ohrnad and Singh, 1383; fthrnad, 1384 and Singh et. al_. , 1330). 
The disease rating has been rnade either on 0-3 scale (Prasada and 
Prabhu, 1366) where 0 was considered as immune, l-£ as resistant, 
3-5 moderately susceptible and 5-3 highly susceptible or on 0-10 
scale (Sokhi and Joshi, 1373) with 0-£ scale as resistant, 3-5 
moderately susceptible, 6-10 highly susceptible or on the basis 
of per cent of disease (Singh et. al. . 1377 and Patil and 
Wanikar, 1381). Singh et_ ajl.. , (1377) considered immune as without 
any disease, 1-5 pey^ cent disease as resistant, 5-10 per cent as 
moderately resistant, 11—40 as moderately susceptible and 41 per 
cent and above as susceptible while Patil and Wanikar (1381) 
considered 1-E'O per cent disease as resistant, 21-30 per cent as 
moderately resistant, 31-60 per cent as susceptible and 51-100 per 
cent as highly susceptible. 
2.A. Black point infection 
Black point disease, the brown-black discolouration 
occurring at the germ end of wheat kernels, takes a heavy toll of 
the crop in all the wheat growing areas of the world. fl large 
number of fungi has been found associated with this disfiguration. 
'Black point' was the term first used by Bolley in 1313 to 
describe wheat kernel discolouration supposedly caused by species 
of Helminthospori urn and fll temaria. Drechsler (1323) pointed out 
that He1m i nt hospor i um sat ivum and an unidentified species of 
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ftlterria>-'ia have been found associated with the blackening of wheat 
kernels, but discoloured syprntorns produced by these two organisms 
were slightly different. McRae (1924) also reported the 
association of fllternaria species with the wheat black kernels 
from India. Curzi (1926) isolated a species of fliternar ia from 
brownish-black discoloured scutellurn of wheat and named it as ft. 
peqlioni i. The infesting mycelium was not found limited solely to 
the integuments of the scutellurn but extended across and under the 
pericarp. 
Miege <1930) pointed out that 'black point' or 'puntatura' 
or 'moucheture' was not of considerable economic importance 
because seed germination was not affected. The disease, however, 
affected the commercial value of the grain. Rosella (1930) 
isolated another species of fllternaria from the grains infected 
with moucheture after surface ster1ization. He thought this 
species of fllternaria to be the same as fl. tenuis and fl. 
peqlioni i. Zilling (1932) described the disease of wheat similar 
to moucheture as •blackgerm'of wheat from the whole of Siberia and 
Russia and far east countries, fl. teni us was isolated from S2 to 
85 per cent of seed samples, H. sat i vum fv^ om 15 to 60 per cent 
and species of Fusari um from about 4 per cent. However, Dastur 
(i93£) showed that H. sat ivum was the principal cause of 
blackpoint of wheat grain in India. 
Bockmann (1933) found that seeds showing blackning were 
infected by different strains of Cladospori um herbarum. fl. tenuis 
and fl. peqlioni i. In order to determine the part played by 
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fllternari a in the development of disorder known as blackpoint in 
United States and ' darkbown tip' in Germany, Etockrnann (lac. cit.) 
inoculated wheat and barley seeds with a strain of Qlternaria. 
Presence in cellulose sheath, indicated an attempted entry by the 
fungus. Inoculation of seeds of wheat with 17 strains of ft. 
peglioni i failed to cause foot rot of wheat, but caused local 
discolouration, ft. tenuis was of active destruction of living leaf 
tissues of all the four cereals viz., wheat, barley, oat and f"ye, 
but the parasitism was limited to microscopic lesion. He futher 
showed that barley & oats were more susceptible than wheat and rye. 
Laumont and Murat (1934) observed the presence of species 
of fllternaria peqi1ioni i with the affected grain. H. sat ivum was 
however, not isolated in any case. Dastur (1935) isolated species 
of fllternaria. He1mint hospor i um, Cladospori um, Oph i bolus and 
Fusarium from black point infected wheat grains in India. Hyphae 
were observed inside the funicle and in the pericarp of the grain 
furrow. The hyphae also found inside the grain between the 
pericarp and the seed coat where they form a kind of stv^oma and 
also occur in the coeloptile and in crushed cells behind the 
scutellum. Stening (1935) showed that the germination capacity of 
blackpoint affected grain (by H. sat ivum and A. tenuis) was 
reduced by 5. 5 pev" cent than those of healthy grains in New South 
Wal es. Galloway (193&) showed that 70 per cent of the black point 
infected seeds were associated with H. sat ivum while, the 
remaining with H. trit ici-repent is. ftlternaria sp. and Fusarium 
sp. The fungus was detected in the seed coat but was not destroyed 
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by surface sterl i zat iori. 
Machacek and Greariey (1938) suggested the term 'kernel 
smudge' for the condition characterised by dark or light brown 
diffuse discolouration caused by fungi in &r\y part of the grain 
and more particularly in the region of embryo. Infection takes 
place from air-borne spores deposited in abundance at the time of 
maturing stage. The large size kernels were more frequently 
infected with this disease probably because in such cases the 
glumes remain open thus providing access to air—borne spores. ft-
tenuis, Q. peqi1ioni i, H. teres have been found associated with 
such condition, fliternaria species, however, did not affect the 
germination of the seeds, the emergence of seedling, intensity of 
foot rot, or yield of the subsequent crop, whereas, H. sat ivum not 
only reduced the germination, seedling emergence and yield but 
also increased the development of foot rot disease. 
Fomin and Nemlienko (1940) reported a black radicle disease 
of cereals, causing considerably reduced stands of barley and 
spring wheat in Ukaraine. This disease was caused by various 
microorganisms, chiefly H. sat ivum and fllternaria sp. In contrast 
to the grain infected by H. sativum from those infected by 
fllternaria sp. , the blackening was usually restricted to the area 
around the radicle, the seed remained shrivelled and the mycelium 
of the fungus was found only in the pericarp and rarely penetrated 
to the endodperrn. While, Conners (19A1) viewed the disaese as due 
to the species of fllternaria which caused the degrading of ears of 
wheat in the Prairie Province of Canada. 
Johnson and Hagborg (1942) showed that Q. tenuis has the 
ability to cause rnelanistic lesions on the lernrnas of wheat variety 
derived from Hope or H-A4 and suggested the r\B!i]B fll ternari a 
blotch. Examination of the lemmas discoloured by A. tenuis 
invaribly indicated the presence of mycelial growth along the 
inner surface of the lemma, orginating on dead or dying parts of 
the seeds. The browned tissue wall contents showed dense yellow or 
brown pigments. The absense of the mycelium in the discoloured 
tissue suggested that the cells were killed as a result of the 
action of enzymes or toxins. He noted a close correlation between 
floret sterility and dark discolouration in the head of sorne 
cultivars of wheat. Gr^eaney sind Wallace (1943) showed that, in 
general, the cultivars of T. durum were considerably more 
susceptible to kernel smudge caused by fllternaria species than 
those of T. vulqare. 
Wins (1944) reported that the soft spring wheat were found 
to be affected by black point. Anatomical examination of the 
discoloured parts of the grain revealed the presence of mycelium 
in the pericarp and testa. The 100 seeds weight of the affected 
grain was more than healthy ones. According to Healy (1947) the 
black point of wheat, which was widely distributed in lower Egypt, 
was due to a species of Alternaria. The mycelium was found in the 
pericarp and integuments but not in the aleurone layer, starchy 
cells of the endosperm or embryo. The important factors governing 
the spread of the disease were the presence of spores of fungus in 
the air, atmospheric humidity, the rainfall, soil humidity and 
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size of the grains. 
fidarn (1950) in fiustralia described blackpoint as a dark 
discolouration of the germinal portion of the seeds. Q.. tenui s 
was responsible for this discolouration. This type of black point 
corresponded with a type which Canadian workers called as 'kernel 
smudge' or 'smudge'. The disease, according to him, affected 
neither the yield nor its value for seed purposes and has no 
deterimental affect on grain quality. Oelofsen (1950) isolated 
fungi belonging to 16 different genera from black point infected 
wheat samples in South Africa. Of these only two, tentatively 
identified as Macrospor i um sp. or fllternaria sp. were found 
B7 pathogenic. The fungi obtained from internal tissues were 
Macrospori um sp. , fllternaria sp., Pleopora sp. and 
He1minthOSpori um sp. Bose (1956) isolated filternaria from a 
majority of fresh and healthy seeds. Repeated isolations of 
mycelium of fllternaria sp. from surface sterilized seeds indicated 
its deep seated nature. Hyde and Galleymore (1951) isolated fi. 
tenuis as most common sub-epidermal fungus apparantly arising 
either from systemic infection of wheat plant or air-borne fungal 
spores. The hyphae was present on the outside of the developing 
grains and inside the dead floral parts. Machacek et, al. , (1951) 
also frequently encountered Q. tenuis from black point infected 
seeds. The fungus was found to be a weak pathogen. 
Hanson and Christensen (1953) concluded that fllternaria 
most frequently caused blackpoint but it was either non-pathogenic 
or weakly pathogenic. It did not cause seedling blight of wheat in 
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greenhouse or in the fields. Bose (1356) observed that wheat 
seedlings grown aspetically, from seeds soaked in hot water (53-4-
5A'''C) for 10 minute to destroy Q. teni us in the pericarp, grow 
poorly in comparison with the similar seedlings from surface 
sterilised seeds. 
Although, the black point was known for long time in India 
but it remained neglected till 1967—68 when its occurrence was 
reported from many parts of the country more severe in northern 
belt (Dharamvir et_ al. . 1358). In some cases species of ftltemaria 
Helminthospori urn and Stemphyli um were isolated from black point 
infected seeds but the principal pathogen remained to be ft. 
teni us (Prabhu and Prasada, 1967; Dharamvir et_ aj^ .. , 1968; Nene et_ 
88 al-, 1968; Bhomick, 1969; Gill and Tyagi, 1970 and Mishra et 
al. , 1969). Dharamvir et_ al. , (1968) encountered 80-90 per cent 
seeds infected with Q tenuis and 5-10 per cent with H. sativum. 
Hasija (1963) most frequently isolated Curvularia pallescens from 
black point seeds from Jabalpur (India). This was the first report 
of its association with kernel smudge. Kernel smudge caused by A. 
tenius adversely affected the seed germination (Prasher and 
Chohan, 1967) but contrary to this Dharamvir et. al_. , (1958) did 
not find any correlation with seedling growth and germination of 
the seeds. Post anthesis was the most conducive stage for 
infection of H. sat ivum and A. tenius inflicting different kinds 
of symptoms on the kernels (Adalakha and Joshi, 1974). A. tenius 
infected grains were usually larger and heavier while, those 
infected with H. sat ivum were lighter and smaller than normal 
ones. Kernais infected with A. teni us exhibited brown 
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d iscolourat ion, r^estricted mainly to the embryo region, whereas, 
the infection with H. sativum, the discolouration frequently 
extended to other parts also (fidalakha and Joshi, loc. cit.). The 
grains were shrivelled and exhibited fine ridges on the surface 
(fidlakha and Joshi, loc. cit. ; Huguelet and Kiesling, 1373). 
King et_ al. , (1981) most abundantly encountered fllternaria 
on 37 - 98 per cent of the grains of all but one of the samples, 
in which Cladosporium sp. dominated. Botryt is ciner-eB was found to 
an appreciable degree in one sample. flcreminella. Qscochyta, 
flsperqi 1 lus. Helminthospor i um. Stemphyl i um species and Fusar i urn 
moni1 iforwe and Trichotheci um roseum were isolated from the 
infected grains. Infection by the black mould fungi contributed to 
high values of the Grade Color Figure <GCF) of flour, greater than 
3 and therefore, it become unsuitable for bread making. (King et 
al., 1981; Canada Grains Council, 1982). 
Raj and Chakraborti (1982) isolated Drechslera sat ivus 
and fllternaria sp. in most of the samples but in some cases 
Curvularia, Fusarium and Epicoccum species were also detected. 
They further observed that most of the colonies developed from 
infected kernels were , towards the embryo region, thereby, not 
adversely affecting the germination of seeds. Rana and Sengupta 
(1982) reported that infection of black tip in seeds of different 
cultivars ranged between 66-88 per cent out of which ft.trit icina 
was associated with £-10 per cent, Curvularia sp. with 6-14 per 
cent and Fusarium sp. with 3-8 per cent. H. sat ivum was found 
associated with seeds of two cultivars having an infection of 3-4 
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per cerit. On artificial irioculat ion, A. alternata inflicted black 
point symptom to the extent of 41 per cent, 0. trit icina of 11 per 
cent, Curvularia sp. of 6 per cent and H. sat ivurn of £ per cent of 
seed lot. 
Rees et_ al • , (1984) also encountered Q. alternata as 
dominating fungal species isolated from surface sterilized seeds, 
being present in 7£ per cent grains with black point and 39 per 
cent in symptomless grains. The germination of seeds was not 
affected but seedling emergence was reduced by 3.2 per cent in 
infected seeds. Lin (1985) obtained 3.7—60.5 per cent infection 
resulting from H. sat ivum in seeds of 71 cultivars while, 10.1-30 
per cent in seeds of 54 cultivars which gave a lower rate (6. £-
10.S per cent) of seedling survival in field test. 
Lorenz (1987) isolated ft- alternata, Cladospori um herbarum, 
PI eospora herbarum. s^rnd Cochl iobol us sat i vus from black point 
infected grains. He found ari increase in kernel weight and 
nitrogen content with higher degree of infection. -amylase 
activity was also higher but proteolytic activity was lower in 
kernels from the highest severity class as compared to sound 
kernels. The pressence of mycelium was observed in the embryo and 
within the pericarp layer along the crease region through Scanning 
Electron Microscope. However, the endosperm remained free. No 
mycotoxiti was detected, but the bread volume decreased. The grains 
became mov^ t? open and the texture became silky with increase in 
infect ion. 
B." al hgrnata, CI adospor i um oxvsporum. C. 1 unat a CC. 
1unat usl, D. sorck m iana and D. tetremera were found to be 
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predominated and of these last 3 were most commonly found in 535 
samples out of total 753 samples collected from Rajasthan (Agarwal 
and Yadav, 1967). The plants were most susceptible to inoculation 
at the post anthesis stage. The severity of infection was maximum 
when plants were infected with all the above pathogens 
simultaneously. In another study Pigarwal et_ al. , <19S7) 
encountered 41 and 23 per cent infection of black pointed kernels 
in two samples. The mycelium remained confined to the pericarp of 
bold normal looking seeds. The seeds were having with dark 
discolouration at the germinal end extending over the seed 
surface. Inter— and intra-cellular mycelium was found in all the 
components of the seeds including the embryo. The extension of the 
fungal mycelium was positively correlated with the intensity of 
black point symptoms. The host cells showed necrosis and browning 
of the leaves and depletion in amino acid content. 
Klein <19S7) recovered ft. alternate from discoloured and 
non-discoloured grain during 1978—81 in Northern South Wales in 
which Pyrenophora trit ici-repent is was recovered from a relatively 
high proportion of pink grains and from discoloured grains in 
1978. Howvever, it was absent in 19S0 and 1981. The other fungi 
recovered from the seeds were species of Bipolaris. Curvularia 
Epicoccum, Fusari um and Penicil1iurn in <5 per cent of all grains. 
Khanum et_ al. . <1987) observed high percentage of failure 
in germination of grains in Pakistan. On visual observation seeds 
of cultivar LYP-73, PARI-73 and PftK-Sl showed a natural infections 
of black tip to the extent of 15, 35 and 15 per cent. 
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respectively. The germination of diseased gv^ains of three 
CLiltivars was 34.5-71.0 per- cent as compared to 55.0 -96.5 per 
cent in healthy grains. Q. alternata which predominated was the 
most irnpor'tant fungus among the five gener-a involved in disease 
complex in black point kernel, Conner (1987) correlated the 
incidence of black point (caused by ft. alternata) with irrigation 
timing in soft white spring wheat. He observed a significant 
increase in black point infection when plants were irv-igated 
during milk or mid-dough stages. The incidence was low and at 
the same time there was an increase in yield when irrigation was 
done at heading and end of the flowering stages. Similar 
observations were also made by Madariaga and Mellado (1986). ft six 
year survey result of irrigated fields in South fllberta showed 
that the seeds were downgraded due to black point, which ranged 
between 19 and 54 per cent (Conner and Kuzyk, 1988). Differences 
in black point incidence from various regions were usually related 
to difference in precipitation during the last week of July and 
first two weeks of August, which corresponded to the time when 
grain development occurred in most of the fields. Isolations of 
fungi from infected grain indicated that black point was caused by 
primarily by ft, alternata. C. sat ivus though, associated but was 
minor in importance (Conner and Kuzyk , 1988). Conner and 
Davidson (1988) identified seven wheat cultivars that consistently 
had low incidence of black point caused by A. alternata and C. 
sat ivus during their two year field study with the test fungi. 
Based on these results, they concluded that the resistance in 
plants to A. alternata and C. sat ivus was governed by different 
genes in certain cultivars, Conner and Whelan (1989) demonstrated 
that black point incidence (caused by C. sat 1vus) in hard red 
spring wheat (cv- Cadet) was controlled by a gene located on 
chromosome 5B. ft test of these cultivars against Q. alternata 
resulted that all cultivars (of hard red spring) were as 
susceptible as soft white spring cv. Fielder. During a survey in 
U.S.3.R. fll ternar ia, Cladospori urn, Drechslera and Epicoccurn were 
found colonized black discoloured seeds and such infected seeds 
showed the presence of mycotoxins, filtemariol and filternariol 
rnethylether upto l.S and 0.5 rng/kg, respectively and were 
dectected in 5 per cent infected samples (Grabarkiewicz-Szcsesna 
et al. , 1989). Conrier (1989) while, surveying commercial fields 
of white spring wheat in Souhthern filberta during 1984-1986 
observed that the incidence of black point (caused by ft. 
alternata) was strongly influenced by the amount of overhead 
irrigation applied to wheat at milk and mealy stages (11.1 and 
11.£, respectively on Peek's scale ). None of systemic foliar 
fungicides tested in a single application before the appearence 
of heads had reduced the kernels black point and spot blotch 
caused by C. sativus. However, no correlation was established 
between root rot , spot blotch and black point casused by common 
fungi C. sativus (Conner, 1990). 
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CHftPTER:3 
MflTERIOLS AND METHODS 
3 . 1 . Sut^vey 
Out of 61 districts of the state of Uttar Pr-adesh, five 
districts vis., ftligarh, Badaun, Bulandshahr, Etah and Mathura 
located in the western region of the state, constituted the study 
area, in the present investigations for assessing the incidence and 
severity of fllternaria trit icina, causing leaf blight disease of 
wheat in India. 
The study covered about 2334S km"" out of S98, 364, km"" 
<7.93 per cent) of Uttar Pradesh and 0.71 per cent of India. The 
locations of surveyed districts ar^e tabulated in Table-3. l,and Fig-
3.1-3.6. Some information with regar^d to meteorological condition 
and topography of the districts' of the study area are given in 
Table-3.£. 
Wheat leaves, showing characteristics filternaria blight 
symptoms, were collected at frequent intervals from the different 
fields of surveyed districts during the crop year 19S8-89, 1989-
90 and 1990-91. 
3.1.1. Selection of locality in a disti~ict 
It is very difficult to encompass entire area of a 
district, however, attempt has been made to cover the whole 
district by selecting ten localities at random and located 
distantly from each other (Table-3.1. and Fig.-3.1.—3.6.). 
3.1.2. Selection of fields for* sampling site 
In each locality ten wheat fields were selected randomly. 
The sampling site in a field was selected also randomly but the 
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Table-3. 1. Localities surveyed in five districts of Uttar Pradesh 
Localities of! 
Aligarh i 
fity-aul i 
flligarh City 
Hathr^as 
Iglas 
Jalal i 
Khaii-
Saurnana 
Sasni 
Sikaridra Rao 
Tappal 
Code ! 
flDl ! 
fiD£ ! 
fiD3 
ftDA 
fiD5 
AD6 
0D7 
ADS 
ftD9 
flDlO 
* Coding was 
done arbitarially 
to designate each 
district and area 
and was used in 
future description 
Localities of! 
Badaun i 
Babrala ' ! 
Badaun City ! 
Bisauli ' 
Dataganj 
Islarnnagar 
Kakrala 
Sahaswan 
Ujhani 
Usaihat 
Wazirganj 
Localities of 
! Etah 
ftliganj 
BiIram 
Daryawanj 
Etah city 
' Jalesar 
• Malaw 
Mirachi 
Piluwa 
1 
Sahawar 
1 " 
, Soron 
Code 1 
BDl 
BD£ 1 
BD3 
BDA 
BD5 
BD& 
BD7 
BD8 
BD9 
BDIO 
! Code 
DDl 
DD2 
DD3 
DD4 
• DDS 
. DD& 
DD7 
I DDS 
1 DD9 
• _ ^ _ 
! DDIO 
Localities of 1 
Bulandshahr . 
fturangabad ! 
Bulandshar city! 
Dankur 1 
Dibai 
Gulauthi 
Jewar 
Khurja 
Pahasu 
Shikarpur 
Siyana 
! Localities of 
! Mathura 
Pkbarpur 
Barauli 
Barsana 
Govardhan 
Jajanpatti 
1 Kamar 
1 Mathura City 
! Sadabad 
1 Shahpur 
1 Shergarh 
Code ! 
CD! ! 
CDS: ! 
CD3 ! 
CD4 ! 
CDS ! 
CD6 ! 
CD7 
CDS ! 
CD9 
CDIO ! 
! Code i 
EDI ! 
. EDS ! 
ED3 ! 
ED4 1 
I EDS ! 
1 ED& ! 
I ED7 1 
! EDS i 
: EDS \ 
1 EDIO 5 
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Table:!2. Metaerological data and topography of the districts included in the study area 
District 
flligarh 
Bulland-
Shahr 
Badaun 
Hathura 
Etah 
Location 
ZI°?3\ i 28°l l | N 
77°29' ( 78°38' E 
fflV^t 2a°4l'^M 
78*'ia' « 2&°2&£ 
ZfVi I 2B°29' N 
7fl°16' ft 79°3 E 
27°14' ( 27°67' N 
77<'l7' ( 7B°13' E 
27 V iaaV^N 
7B*'ll' ( 79°17' E 
Altitude 
sea above 
level ca 
192.00 
192.00 
lai.so 
210.00 
1T7.00 
Area 
(lui^) 
5025 
5025 
5158 
3811 
4*59 
Soil 
type 
Alluvial 
Alluvial 
Alluvial 
Alluvial 
Alluvial 
Cliute 
Coldest 
January 
January 
January 
January 
January 
(annth) 
Hottest 
June 
June 
June 
June 
June 
Tevperature range 
Mininuii ! Haxiiua 
9.7-28.0122.5-47.0 
7.2-27.8121.2-A3.0 
9.0-2B.0J22.&-45.8 
7.0-23.0! 26.0-42.0 
9.4-27.6122.0-46.2 
Average ! 
rainfall' 
(•.a.) ! 
473.9 I 
762.7 ! 
1105.1 1 
743.9 ! 
594.0 1 
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site was always away from the boundary. 
3.1.2. Method of Sampling 
The sampling was done by employing latin square method as 
described by Dospekhov(1984). 
3.1.4. Size of samples 
In each field ten sampling sites were selected and from 
each site ten plants were uprooted as such. Thus, 100 plants were 
selected from each field. 
3.1.5. Collection of diseased materials 
The leaves of a plant showing fllternaria blight symptoms 
were kept in sterilized polythene bags, labelled properly and 
brought to the laboratory. These were stored, when necessary, in a 
refrigerator running at 4-10"'C temperature, for studies. 
3.1.6. Scoring of disease intensity 
The leaves of the plant were examined for recording per 
cent disease intensity. The infected area of each leaf was 
measured (Fig. 3. 7.) arid scored on 0-9 scale (Mayee and Datar, 
1986) which ar^e described below: 
Scale Per cent leaf area affected 
0 No symptoms 
1 Affected leaf area less than 1% 
2 l-3>i affected leaf area 
3 4-5)4 affected leaf area 
4 6-10% affected leaf area 
5 11-15/4 affected leaf area 
6 16-25y- affected leaf area 
7 26-50"/. affected leaf area 
a 51-75"/. affected leaf area 
9 Affected leaf area above 76'A 
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Thereafter, the per cent disease index or per cent disease 
intensity was calculated by employing the following formula (Mayee 
and Datar, 1986). 
Total disease rating 
Per cent disease = 
index/intensity Total no.of leaf examined x maximum rating 
Where, maximun rating = 9 
total no. af leaves exAmined = lOO 
The so calculated disease index/intensity was transformed 
into inverse sine \/percentage (Dospekhov, 1984). 
3.2. Isolation of fungi including ft. tyiticina 
3.2.1. From leaves 
Small fragments of the diseased leaves, taken from the 
extreme margin of the necrotic spots, were surface sterilized with 
0.35 per cent concentration of sodium hypochlorite solution for 5 
min. The treated pieces were transferred to sterilized petriplates 
poured with 20 ml of sterilized 'Standard Nutrient Agar Medium 
(Neergaard, 1945). In each plate 3 to 4 pieces were placed 
approximately at equal distance and then each plate was 
incubated at 20+2^'C in B. 0. D. incubator in complete darkness for 7 
days. Subcultures from the periphery of growing colony were made 
*Asparagine 
MgSO,, 7HoO 
NgC03 
Dextrose 
ftgar 
D i st i11ed wat er 
1 . 0 
1 . 36 
5 . 0 
1.06 
5 . 0 
20- 0 
g 
g 
g 
g 
g 
g 
The medium was sterilized at 
15 p. s. i. in a autoclave 
1000.0 ml (Neergaard, 1945) 
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on staridard nutrient agar medium in petriplates and in slants. 
After 7 days of subculturing, it was purified by single spore 
isolat ion. 
Throughout the studies, pure culture of the fungus was 
made by single spore isolations (Booth, lS71b). 
The pathogenecity of the isolated fungus, A. trit icina was 
established following Koch's postulates by using susceptible 
cult ivar. 
3. 2. 2. From seeds 
The rnycoflora of untreated and sodium hypochlorite pre-
treated seeds were studied by using Standard blotter and Agar 
plate methods as described by ISTft rules and recommendations 
(ISTfi, 1966,1976). The described methods were slighty modified 
(given in 3.5.6.). The modification was made in order to 
facilitate the growth of A. triticina. inciting leaf blight on 
wheat plants. Under normal testing conditions, it was found that 
the growth of saprophytic and parasitic fungi, associated with 
the seeds often suppressed the growth of A. triticina. Therefore, 
the modification was inevitable. 
The methods of isolation of pretreated seed borne fungi 
have been the same as for untreated except that seeds before 
plating were treated with 0.35 per cent sodium hypochlorite 
solution for 5 minutes . 
3.2.2.1. Standard blotter nethod 
Three layers of blotting paper were placed on a sterilized 
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petriplates of 3 cm diameter. The blotting papers were moisteried 
with sterilized tap water. The seeds, either untreated arid those 
tree^ted, were then placed equi-di stant ly on each petriplates. The 
petriplates were then incubated in B. 0.D. incubator for 7 days. 
The fungi, developed on seeds after 7 days, were isolated and 
identi fied, 
3.2.2.2. Agar plate method 
Ten seeds each of both untreated and pretreated were placed 
in each petriplates of 9 crn diameter containing 20 ml of 
sterilized potato dextrose agar <PDA) medium*. The plates were 
incubated in B.0.D. incubator. The fungi developed after 7 days of 
incubation were isolated and identified. 
Throughout the studies, the petriplates, with or without 
blotters were wrapped in newspaper sheets and were sterilized in a 
hot air oven at 160"'C for 30 minutes-
The media were sterilized in an autoclave at 15 pounds 
pressure per square inch (p.s- i. )for 20 minutes and other 
glasswares, needle, foreceps etc. were sterilized by dipping in 
dichromate and alcohol mixture for 30 min followed by washing in 
formalin solution, later in sterile water. 
•Potato dextrose agar medium 
Potato 
Dextrose 
Agar 
D i st i11ed wat er 
200 g 
20 g 
20 g 
lOOO ml 
100 
3.3. Raising of seedlings, p»~eparation of inocula and 
inoculation methods 
3-3.1. Raising of Seedlings 
Seedlings of wheat we>"e raised iri 30 crn clay pots filled 
with sterilised field soil. Proper cultural managements required 
for adequate plant growth were provided. After 75 days of sowing 
the plants were sprayed with suspension of the spores of ft-
t r i t i c i na. 
3.3.2. Preparation of inocula and concentration of spores 
3.3.2.1. Preparation of inocula 
For the preparation of inoculum, the pure culture of the 
fungus was transferred to the centre of sterilized petriplates 
containing standard nutrient agar medium and incubated in B.0.D. 
incubator at 20+2*^0. The petri plates were kept in continuous 
darkness for 7 days far^ vegetative and reproductive growth of the 
fungus. f\ thick conidial suspension was made in sterile water by 
scv^apping the surface of petriplates and stored in sterile flasks 
3.3.2.2. Concentration of spores 
The concentration of spores was determined by using 
haemocytometer. Before counting, the spores present in the flasks 
were vigorously shaken and one ml of suspension was poured in 
haemocytometer. The haemocytometer disk was kept on stage of 
binocular microscope and left for 5 min for settling of the 
spores. Number of spores was counted, ft mean of ten such counts 
were taken for each flasks containing suspension, ft 10 ml of 
suspension, containing approximately 45,000 spores, was added to 
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40 ml sterile water to have spores in 50 rnl of sterile water to 
facilitate the spray through the atomizer. 
3.3.2.3. Inoculation method 
Severity five-days-old seedlings of wheat were inoculated by 
spraying 50 ml suspension of sterile water containing the spores 
with the help of ari atomizer. 
3.3.2.3.1. Maintainance of humidity 
ftfter inoculation, the seedlings were transferred to 
moist chamber having 100 per cent relative humidity, maintained by 
spraying intermittently with sterile water. ft free film of 
moisture was always formed on the surface of the leaves. After 
7£ h, the seedlings were transferred to the green house benches. 
The pots containing seedlings were arranged in a randomised 
fashion. 
3.4. Observations 
The plants were examined regularly for the development of 
the symptoms upto 120 days. The symptoms observed were compared 
with those of original symptoms. 
3.4.1. Reisolation of the pathogen 
Small fragments of the diseased leaves, so developed were 
used for reisolation of the fungus by following the method as 
described earlier (3-2.1. and 3.3.1 to 3.4.). 
3.5. Sur^vey of seed borne fungi associated with wheat seeds in 
five districts of west Uttar Pradesh and two research 
institute 
3.5.1. Collection of seed samples 
The seeds of wheat cultivars were collected from Indian 
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Agricultural Research Institute, New Delhi (by courtsey of 
Director, Dr. C. L. Tandon, Curnrnings Laboratory) arid G. B. Pant 
University of Agriculture and Technology, Pant Nagar, Uttar 
Pradesh (by courtsey of Dr. O. R. Osarni, Pulse Laboratory) (Table-
3.7.). The seeds samples were also collected from various surveyed 
districts of west Uttar Pradesh (Table-3.1. and Fig. 3.1-3.6.). 
The sampling was done in accordance with the recommendation of 
International Seed Testing Association (ISTA, 1366,1976). The 
samples so collected were kept in sterilized polythene bags, 
properly labelled and stored in refrigerator (temperature 4-10 C) 
for further studies. The seeds were examined and later used for 
isolation of fungal mycoflora. 
3.5.S. Seed examination 
Dry seed examination and seed washing tests were made to 
isolate the fungi associated with the seeds collected from five 
districts. 
3.5.2.1. Dry seed examination 
Seed samples from various localities collected during 
survey were examined under stereoscopic microscope for the 
presence of sclerotia, galls, inert matter, broken seeds and 
seeds of other crops and weeds, if any. 
3.5.2.S. Seed washing test 
Detection and estimation of fungal spore load was carried 
out for 50 seed samples collected during survey by using seed 
washing test (ISTA, 1356,1976). Hundred seeds per sample were 
taken, randomly distributed in two replicates,in 250 ml Erlenmeyer 
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flasks containing 100 ml of sterilised distilled water and shaken 
on EMENVEE ROTARY SHAKER, MODEL NO. N3 (EMENVEE, PUNE, INDIfi). 
Thereafter, the suspension was centrifuged at 5000 r. p.rn. 
for £0 minutes. The supernant was removed and the sediment was 
pooled and suspended in £ ml of lactophenol. Spore counts were 
made with the help of haemocytometer slide. Ten counts were made 
per sub—sample of 100 seeds. Quantitative estimation was carried 
out by using the following formula (Sharma, 199£). 
N X V X 10000 
Spore load per 100 g of seed = 
n 
Where, N = ftverage number of spores in central square of 
haemocytometer 
V = Volume of lactophenol added to the sediment 
i.e. S ml (constant) 
n = number of seeds used 
i.e. 100 (constant) 
3.5.3. Sample size 
Four hundred seeds were invariably used for isolating the 
fungal mycoflora by each of the two methods (3.2. £. to 3. £. 2. S.) . 
The total number of seeds were equally distributed in four parts, 
thus, there were four replicates of 100 seeds each (ISTft, Chapter. 
7 and 8. 5. 1. ) . 
3. S. A. Number^ of seeds in each petriplates 
Ten seeds were placed in each petriplates. The seeds were 
placed in two rows with three seeds in centre row, while remaining 
seven seeds in outer circumference row. The seeds were kept in 
such a way that they remained at equi—distance from each other. 
The entire operation was done in a Laminar Flow (Continental 
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T r a d i n g C o . , Luckriow, Model CK-0a3) . 
3.5.5. Incubation period 
Throughout the studies, the petriplates were invariably 
incubated for 7 days in B.O.D. iricubator, unless stated otherwise. 
3.5.6. Temperature and light in B.O.D 
The temperature in B.O.D. incubator was maintained at 
20+2CC. The petriplates, containing seeds, were initially placed 
in complete darkness for 46 h. Thereafter, the plates were 
provided with 12 h alternate light and darkness for rest of the 
incubation period i.e. for remaining 5 days. This is a 
modification to the method described by ISTft (1966). 
3.5.7. Isolation and identification of the fungus 
The fungal species developed, after incubation period, were 
identified under microscope with the help of Manuals and Keys 
(Neergaard, 1945; Raper and Thom, 1949; Raper and Fennel 1, 1965; 
Chupp, 1954; Cummins, 1959; Barnett, 1960; Duran and Fischer, 
1961; Gilman, 1967; Booth, 1971a; Barnett and Hunter, 1972; Ellis, 
1971,1976; Dennis, 1978; Pitt, 1979). 
3.5.8. Analysis of data 
3.5.8.1. Frequency (per cent) 
The per cent frequency of the developed fungal colonies 
was calculated by employing the following formula: 
No. of colonies of a particular fungus 
Frequency = x 100 
(per cent) Total no. of seeds 
3.5.8.2. Frequency (per cent) mean 
The mean (X) frequency (per cent) was computed by dividing 
lOJ 
the SLimniat ion of frequencies of each replicate i.e. X., X^? X^ and 
X, with the total number of values <N) replicate involved, 
X, + X2-HX3+X^ 
Thus, X = 
N 
V. 
or 
N 
Where, X., X^ -, X^, X, = Individual observations 
N = Total no. of observations involved 
3.5-8.3. Standard Error <S. E. ) 
Standard deviation of sample 
S. E. = 3 : 
\/ N 
Where, N = no. of observat ion 
3.5.a. A. Coefficient of Variation (C.V.) 
S.D. of sample C. V. = 
X 
Where, S.D. = Standard deviation 
X = Mean frequency <in per cent) 
3.5.8.5. Test of significance 
The least significant difference (L.S.D.or C D . ) method was 
applied to test the significant difference between 
cult ivars/sarnples and fungus at P = 0.05 and 0.01 per cent levels 
of significance. 
3.£. Association of dominating fungi associated with total number 
of samples collected as recorded by standard blotter and agar 
plate methods 
Seeds of all the test samples (untreated and pretreated) 
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were tested for the association (number and per cent association) 
of various fungal species by using standard blotter and agar plate 
methods (the data B)r(E^ based on seed health testing experiments 
i-e. standard blotter and agar plate methods). 
3.7. Mean per cent frequency of dominating fungi associated with 
different cultivars/sarnples of seed mycoflora (as recorded 
by standard blotter and agar plate methods) 
The mean per cent frequency was calculated by computing all 
the frequencies added and divided by total number of computing 
frequencies and multiplied by 100. 
Mean per cent frequency of a fungus = x lUO 
N 
Where, X. to X = Frequency per cent as showed by different 
cult ivars 
N = Total number of observation. 
3.8. Isolation of diffe»~Bnt fungi associated with Q. triticina 
infected seeds 
The seed infected with Q. trit icina were separated from 
apparently healthy seeds of different cultivars/sarnples. They 
were bulked and 1200 seeds were drawn from this pooled samples. 
They were distributed in three equal parts i.e. each part having 
400 seeds which formed a replicate. Seeds were plated on 
sterilized petriplates containing 20 ml of sterilized PDA 
medium. The plates were incubated at SO+2 C temperature for 7 
days in B.O.D. incubator. Initially, petriplates were kept for 
48 h in complete darkness, thereafter, 12 h alternate light and 
darkness were provided for rest of the incubation period. After 
incubation, the number of colonies present alone and in 
association with other fungi was counted, and the per cent 
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frequency (given under 3.5.8.1.) and relative per cent 
frequency were calculated as given follows: 
No. of colony of a particular fungi 
Relative Frequency = x 100 
(per cent) Total no.of colonies of all the fungi 
3.S. Germination test 
Four hundered seeds of each cultivars were tested for 
germination studies, by using 'between paper' and 'agar plate 
methods' . 
3.9.1. Between Paper- Method 
The germination tests were performed by using 'between 
paper method' as described in ISTft rules (ISTfi, 1966; 
Chapter, 5.4.1.). The seeds were germinated between two layers of 
blotter sheets rolled and placed in a upright position. The paper 
was moistened with water regularly in order to maintain maximum 
humidity (approximately 90-95 per cent). The first count of 
germination was taken on fourth day and the final count on eighth 
day. 
3.9.2. Potato Dextt~ose Agar> (PDA) 
The germination tests of seed was also conducted on PDA for 
comparison. 
The germination of pretreated seeds (with 0.35 per cent 
hypochlorite solution) was also recorderd by "between paper" and 
"agar plate" methods and compared with those of untreated ones. 
3.10. Relation of ft. tyiticina Mith black point 
Diseased seeds from different samples collected (in 3.5.1.) 
were separated from healthy seeds, and after thorough mixing, 
were divided into three lots of 400 seeds each. These were 
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surface sterilized with 0.35 per cerit concent rat ion of sodium 
hypochlorite and plated on PDfi contained in petriplates. The 
petriplates were incubated for 7 days initially in continuous 
darkness of £ days followed by alternate light and darkness in the 
B.0.D. incubator at 20+Z C. After 7 days, fungi growing around 
seeds were identified and per cent frequency together with 
relative per cent frequency were calculated (as outlined in 
3.5.8. 1. and 3.8. ) . 
3.11- Location of Q. triticina on and in the seeds 
Component plating procedure (Madan et_ al. , 1975) was used 
to locate the pathogens associated with wheat seeds. Seeds (100) 
were soaked in sterilized tap water for 16 h. The different 
components viz., seed coat, endosperm and embryo were dissected 
using sterilized needle and foreceps and sterilized in 0.35 per 
cent sodium hypochlorite solution for 5 min. The different 
components were then transferred to petriplates containing 
standard nutrient agar medium separately. The petriplates were 
incubated by providing alternate light and darkness after 48 h 
of continuous darkness. The fungi developed on various components 
of the seeds were identified and their per cent frequency were 
calculated as outlined in 3.5.8.1. There were four replicates of 
100 seeds each. 
3. 12. Penetration of Q. triticina in lea-f 
Studies were made to determine which part of the leaf 
supports penetration of the fungus. Healthy leaves of 30 days old 
wheat seedlings cv. HD-2003 selected randomly were cut into three 
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equal parts perpendicular to mid vein i.e. lower, middle and 
upper. Each portion was further cut into 1 crn square pieces. Each 
piece was surface sterilized with 0.35 per cent sodium 
hypochlorite solution and was transferred to petriplates 
containing standard nutrient agar medium separately, in such a 
manner that half the number of each category of the leaf portion 
touched medium with lower surface and the other half with the 
upper leaf surface. 
In another set the surface of the leaf pieces was gently 
damaged with the help of sterilised needle before inoculation with 
ft. trit icina. For inoculation, a suspension containing +10 viable 
spores of the fungus was transferred on leaf surface. The 
o 
petriplates were incubated at £0+£ C in B.O.D. incubator. After 
every six hours, the petriplates were examined, under 
stereoscopic microscope, for the penetration of the fungus. 
3. 13. Studies on longevity of spores and sp>"ead of fungus, Q. 
triticina 
3. 13. 1. Longevity of spoi~es 
Leaves infected with P. triticina were cut into 1 square cm 
pieces and kept between two blotting sheets in the laboratory. For 
study under field conditions, the 1 square cm pieces of infected 
leaves were mixed with sterilized soil and kept in polythene bags. 
The bags were transferr-ed into open field. For studies in 
laboratory, leaf pieces were removed from the blotting sheets 
and platted in petriplates containing PDA after different 
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intervals. 
In the studies on the longevity of spores under field 
conditions,the soil, containing the leaf pieces was removed after 
different intervals and the soil was transferred to plates 
containing PDfi with rose bengal (Warcup, 1350). To ensure the 
equal distribution of soil on the surface of the medium, the 
plates were gently rotated. The plates were then incubated at 
20+2°C in B.O.D. incubator. Fungi developing after 7 days of 
incubation were identified and their frequency was determined. 
There were £0 petriplates for each observation. The observations 
were made after eve)--^y three months upto 30 months of placing. 
3.13.2. Spread of the fungus from one wheat growing seasons to 
other 
Studies were made to explore the probability of spread 
through i) seeds ii) soil and plant debris and iii) air. 
3. 13.2. 1. Through seeds 
ft. t r i t i c i na infected wheat seeds were stored in sterilised 
polythene bags in laboratory. After every three months, a seed lot 
of 400 seeds was removed and tested for the presence of the fungus 
by isolating it on PDft (3.2.£.£.). The frequency of the fungus was 
determined (3,5.8-1.). The laboratory temperature varied from 6.5 
to 38. 3°C. 
3.13.2.2. Through soil and plant debr^is 
The soil and plant debris collected from infected wheat 
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fields were stored in polytherie bags. The debris was removed after 
ewery three months and presence of the fungus was detected by 
using the method described in 3. 13. 1. In each case the frequency 
of the fungus was determined. 
3.13.2.3. Through air (secondary spread of disease) 
Seedlings of wheat (cv. HD—£003), raised from healthy seeds 
previously sterlized with 0.35 per cent concentration of sodium 
hypochlorite (NaOcl), were inoculated by spraying spores 
A 
suspension < £ M 1 0 spores/ml) of 10 days old culture of ft. 
trit icina. These plants were grouped together at a place. On one 
side of such plants, at a distance of 60 cm, seedlings were 
covered with polythene bags and on other side seedlings were left 
uncovered at the same distance. There were 50 seedlings of each 
treatment distributed in five replicates. The experiment was 
repeated thrice in three consecutive wheat growing seasons. ftfter 
30 days of inoculation, plants of each category were examined for 
appearencB of the symptoms. 
3.14. Effect of age of wheat plants at the time of inoculation 
on development of disease caused by Q. tyjticina 
Seedlings, of different age of resistant (cv. ML-61) and 
susceptible (cv. HD-S009) cultivars raised in the manner outlined 
in 3.3.1., were selected on the basis of scale 1 to 11.2 as 
suggested by Feeke (1941) (Table-3.3. and Fig.-3.8. ).The seedlings 
were inoculated by spraying spore suspension with the help of 
atomi zer. 
However, while inoculating the inflorescence, the spore 
suspension was dropped by dropper to watery ripe, milky ripe and 
-^KSI^*-
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mealy ripe kernals at growth stage 10.5.1. to 11.2. The spore 
suspension was also injected by hypodermic syringe. Observation 
for the developement of disease was made after a month of 
inoculation in all the cases, except at growth stage at 11.1. 
where the observation was made after 10 days of inoculation. The 
seedlings, after inoculation, were incubated in moist chamber for 
72 hours at 100 per cent relative humidity before transferring to 
green house benches. 
During the studies the temperature varied between 5.4 to 
32.7*^0. The whole experiment was repeated thrice in three 
consecutive wheat growing seasons. Each time 100 leaves wer^e 
examined and per cent infection was calculated as 3.1.6. 
Table 3.3. G>~owth stages 
Broad stage 
0 Germ i nat i on 
1 Tillering 
Sub-stages 
0. Germination to emergence 
1. One shoot. 
2. Beginning to tillering. 
3. Tillers formed, leaves often 
twisted spirally. 
4. Beginning of pseudo—stem erection, 
leaf sheaths lengthen. 
5. Pseudo-stem (leaf sheaths) 
strongly erected. 
6. First node of stem visible. 
7. Second node of stem visible. 
a. Last leaf visible but still rolled 
up, ear-' beginning to swell. 
contd. 
3 Stem extension 
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Broad stage Sub-stages 
9. Legule to last leaf just visible-
10. Sheath of last leaf completely gr-
own out, est^ swollen but not visi-
ble (Boot). 
5 Heading 10.1. First ear just visible. 
10. S Quarter of heading completed. 
10.3. Half of heading completed. 
10.4. Three-quarter of heading completed 
7 Flowering 10.5. ftll ears out of sheath. 
10.5.1. Beginning of flowering. 
10.5.2. Flowering complete to top of ear. 
10.5.3. Flowering over at base of BAV. 
10.5.4. Flowering over, kernel watery ripe 
9 Ripening 11.1. Milky ripe. 
11.2. Kernel soft but dry, mealy ripe 
11.3. Kernel hard. 
11.4. Ripe for cutting, straw dead, 
3. 15. Cultu»~al studies vn vitro of ft. triticina isolates 
3.15.1. Characteristics of different isolates of ft. triticina on 
cultural characters 
In all 15 isolates of Q. triticina, collected from 
different localities (Table-3.1.) were tested for cultural studies 
by growing on PDft containing in petriplates.The characters of each 
isolate with respect of growth and sporulation were noted(3. 15. 1. 1, 
3.15.1.2.). On the basis of these characteristics, the isolates 
were categorized into four broad category as I,II,III,IV. For 
further cultural studies these isolates categories have been used. 
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3.15.1.1. Radial growth 
Throughout these studies the radial growth (mm) was 
determined by drawing two perpendicular lines passing through the 
centre of lower surface of the bottom part of the plates. The mean 
of the two (longitudinal and perpendicular lines) was taken as a 
radial growth. 
3.15.1.2. Measurements of vegetative and reproductive structures 
Measurement of conidiophores, conidia and beak were made 
under the microscope by calibrating the micrometer eye piece with 
the micrometer slide. In all 400 measurement of different 
structures were made in each replicate and mean were determined. 
3.15.2. Effect of different media on growth of ft. triticina 
Studies were made to determine the effect of different 
culture media on growth of fl. trit icina by gro<wing four isolates 
of the fungus exhibiting distinct variation on various culture 
media in petriplates. Different media as given in the list 
(Appendix—1) was prepared and autoclaved at 15 pound pressure 
per square inch. 
3.15.3. Effect of temperature on growth of Artd sporulation in fl. 
triticina 
3.15.3.1.Radial growth and mycelial weight 
Different strains of fi. tr it icina were grown ori standard 
nutrient agar medium for determining the radial growth and ori 
standard nutrient (basal medium) without agar for determining dry 
weight of the mycelium. In the former, the fungus was grown in 
sterilized petriplates while, in the later in 150 ml sterilised 
Erlenmeyer flasks. The petriplates and the flasks were inoculated 
by transferring a 5 mm disk of inoculum from the margin of 7 days 
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old culture. The petriplates and flasks were incubated at 10.0, 
15.0, £0.0, ££.5, £5.0, £7.5, 30.0, and 35. 0°C. After inoculation 
the radial growth of the developing colony was measured after 
e\/BY^y £4 h till 14 days. The dry weight was determined after 7 
days of inoculation (as stated earlier in 3.15.11.2.). 
3.15.3.2. Sporulation 
The spores vtere collected in a flask and counted with the 
help of haemocytometer under binocular microscope (as in 
3. 15. 11.3. ) . 
3.15.4. Effect of light on growth of and sporulation in Q. 
triticina 
The fungus was grown in liquid medium in Erlenmeyer flasks 
as indicated in 3.15.3.1. One set of flask was wrapped with black 
paper and placed in continuos darkness, the other set was kept in 
continuous light. For check the flasks were incubated by providing 
12 h alternate light and darkness. The flasks were incubated at 
£0+£ C in B.D.D. incubator. Observations for dry weight of 
mycelium and number of spores were made after 7 days of incubation 
as indicated in 3. 15. il.£. and 3.15.11.3. 
3.15.5. Effect of different hydrogen ion concentration (pH) of 
the medium on growth of and sporulation in ft. triticina 
Basal liquid medium, buffered with N-Sodium hydroxide and 
hydrochloric acid (Commonwealth Mycological Institute, 1983), was 
adjusted to pH levels 5.0, 5.5, 6.0 and 7.0. The flasks, 
containing the medium adjusted to different pH levels, were 
inoculated with the fungus and incubated at 20+£ C. Observations 
for growth in terms of dry weight and sporulation were made after 
7 days of incubation as indicated in 3. 15. 11. £. and 3. 15. 11.3-
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There were 20 flasks in each treatment and each replicate 
contained five flasks. 
3.15.6. Effect of carbon sources on growth of and sporulation in 
A. triticina 
The carbon sources in the nutrient medium replaced by 
different carbon separately, keeping the carbon content 
(equivalent to 5.0 g dextrose/lOOO ml) constant. The Erlenrneyev-
flasks, containing medium with different carbon sources, were 
incubated for 7 days after inoculation as described in 5. 15.11.E:. 
and 3.15.11,3. Growth and sporulation in carbon free medium served 
as control. 
a) Monosaccharide : D-Ribose, D(+)Xylose, D-Glucose, 
D-Fructose, L—sorbose, L-Rhamnose 
b) Disaccharide : Maltose, Sucrose 
c) Trisaccharide : Raffinose 
d) Polysaccharide : Starch, Pectin, Cellulose 
e) Alcohols : D-Manitol, Dulcitol (Galactitol) 
f) Carbon fv^ee : Control 
3. 15-7. Effect of differment nitrogen sources on growth of and 
sporulation in A. triticina 
The niti-yngen content in the basal medium was replaced by 
different inorganic and organic sources keeping the nitrogen 
constant (equivalent to Ig asparagine/lOOO ml) . The following 
inorganic Arid organic sources were used. 
A. Inorganic nitrogen :Ammonium chloride, Sodium nitrate, 
sources 
Ammonium oxalate, Calcium nitrate. 
Ammonium nitrate. Magnesium nitrate 
and Potassium nitrate 
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B. Organic nitrogen sources : 
a) filiphatic amino acid : Glycine, Valine, Leucine, Alanine, 
Iso-leuci ne, DL-2-ariii no-n-butyr ic 
acid 
b) Hydroxy amino acid : Serine, Threonine 
c) Sulphur containg : Cysteine, Cystine, Methionine 
amino acid 
d) Basic amino acid : Lysine, flrginine, Ornithine 
e) ftmino acid amides : ftsparagine, Glutamine 
f> Heterocyclic amino : Tryptophane, Histidine, Proline, 
acid 
Hydroxy proline, 
g) firomatic amino acid : Phenyl alanine, Tyrosine 
h) Ocidic amino acid : flspartic acid, Glutamic acid 
C. Nitrogen free s Control 
The flask containing medium with different nitrogen sources 
were inoculated separately with the fungus and incubated at 
K)+£ C. After 7 days of incubation, the growth arid sporulation 
were determined as indicated in 3. 15. 11.S. and 3.15.11.3. The 
growth and sporulation in nitrogen free medium served as check. 
3.15.8. Effect of different phosphorus sou»~ces on g»~owth of and 
sporulation in A. triticina 
The following eight different phosphorus sources were 
incorporated in the basal medium separately, keeping the 
phosphorus content equivalent to that in 1.36g Potassium 
phosphate/lOOO ml. Basal medium free from phosphorus was kept as 
check. The flasks, after inoculation, were incubated at £0+2 C. 
fifter 7 days of incubation, observations were made on growth and 
sporulation. The phosphorus compounds used were: 
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1 . ftrnrnori i urn p h o s p h a t e 
2. Calcium phosphate 
3. Potassium phosphate 
4. Monobasic potassium phosphate 
5. Dibasic potassium phosphate 
6. Disodium hydrogen phosphate 
7. Sodium dihydrogen phosphate 
8. Potassium dihydrogen phosphate 
9. Control (fr^ ee from phosphorus) 
3.15.9. Effect of differ^ent Sulphur compounds on growth of and 
sporulation in ft. tr'iticrina 
The following eight sulphur compounds were added in the 
medium separately, keeping sulphur content equivalent to magnesium 
sulphate (5.Og). Sulphur free medium served as control. The 
flasks, after inoculation with the fungus, were incubated at 
£0±=£ C. fifter 7 days the mean mycelial growth and sporulation 
were recorded as stated in 3. 15. ll.£. and 3. 15. 11.3. The following 
were the compounds tested under this study: 
1. Copper sulphate 
2. Magnesium sulphate 
3. Zinc sulphate 
4. Sodium sulphate 
5. Ferrous sulphate 
6. Potassium sulphate 
7. fimmonium sulphate 
a. Calcium sulphate 
9. Control (fr^ ee from sulphate) 
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3.15.10. Effect of different vitamins and growth regulators on 
growth of and sporulation in Q. triticrina 
Thiamine, Biotine, Riboflavin, Pyridoxal phosphate, 
Nicotonic acid, Insitol and Oscorbic acid were used as vitarniri 
sources and Indole acetic acid and Indole butyric acid as growth 
regulators. The basal medium was fortified with lg/1000 ml of 
different vitamins separately. Simultaneously, in another set the 
basal medium was fortified with 1 ppm of different growth 
regultors separately. The medium without ariy vitamin or growth 
regulator served as check- The flasks after inoculation were 
incubated at SO+2 C. After 7 days, observations were made (as 
indicated in 3.15.11.2. and 3.15.11.3.). 
3.15.11. Observations and replications 
Observations with respect to the growth and sporulation 
were made after 7 days of incubation, unless stated otherwise. The 
growth of the fungus in semi solid media was measured as radial 
growth while, in liquid media as dry weight. 
3.15.11.1. Radial growth 
Different strains of fl. trit icina were grown on standard 
nutrient agar medium dispensed in 9 cm diameter sterilized 
petriplates. The petriplates were inoculated by transferring a 5.0 
mm disk of inoculum from the margin of 7 days old culture. After 
14 days of inoculation, the radial growth of the developing colony 
was measured by drawing two perpendicular lines passing through 
the centre of the two (longitudinal and perpendicular lines) as 
the radial growth of the colony. The radial growth of the 
developing colony was measured after every £4 h till the 
ISO 
terrniriat ion of experiment. 
3.15.11.2- Dry weight 
Different strains of Q. trit icina were grown on standard 
nutrient medium (basal medium) for determining dry weight of the 
mycelium. The 150 ml sterilized Erlenmeyer flasks containing 
medium were inoculated by transferring a 5.0 mm disk of inoculum 
from the margin of 7 days old culture, ftfter 7 days of inocubation 
in B.0.D. incubator, the content of the flasks was filtered 
through pre-weighed Whatman filter paper no.44. The filter paper 
containing mycelial mat were washed and than dried in hot air a-vevi 
at 60 C temperature for 48 h and subsequently cooled in a 
desicator containing anhydrous calcium chloride. They were 
weighed. The differences between two weights gave the dry weight 
of the mycelium. 
3. 15. 11. 3. Sporulation 
150 ml sterilized Erlenmeyer flasks containing standard 
nutrient medium were inoculated with 5.0 mm disk of inoculum 
obtained from the margin of 7 days old culture. After 7 days of 
incubation in B.O.D. incubator, the content of the flasks was 
filtered and resulted filtrate containing spores were collected in 
a flasks. The counting of the spor-^ es were made with the help of 
haemocytometer under binocular microscope. 
3.15.11.A. Replications 
Throughout the studies, there were £0 petriplates/flasks in 
a treatment in a replicate, unless stated otherwise. There were 
four replicates. The mean of the readings was calculated. The data 
were ana1ysed st at i st i ca11y. 
121 
3.16. Qualitative and Quantitative analysis of sugars and araino 
acids 
3.1£.1. Quantitative analysis of reducing, non—reducing and total 
sugars 
The leaves collected from top to bottom, separately from 75 
days old seedlings were dried at 65CC temperature for 1£ h. The 
dried leaves after being cooled were grounded to fine powder in 
rnortar and pestle. Powdered leaf (£g) was extracted to upward 
grades of alcohol followed by water and boiled in a water bath 
using a reflex condenser. Pfter half a^n hour, the extraction 
process was carried out at room temperature with frequent 
agitation. fifter £4 h it was filtered by using Whatman filter 
paper no.AO. The residue left over the filter paper was further 
extracted with downward grades of alcohol followed by water. Each 
time the supernant obtained was added to original extract 
collected. The volume was made up to £50 ml by adding required 
amount of double distilled water, Estimaion of sugar was carried 
out by using the method described in fl.O.fi.C. (1953). To estimate 
total reducing and non-reducing sugars, leaf samples were 
collected in the morning, leaves were collected from top to bottom 
separately from 75 days old plants. The collected material was 
dried in hot air oven at 65 C temperature for 1£ h. The dried 
leaves were ground to fine powder in rnortar and pastle. Two grams 
of powdered samples was taken for extraction of sugars. 
Extraction was done in different grades of alcohol starting 
from 80 per cent, followed by 60, 40, 30 and finally in water. The 
first extraction was accompanied by boiling over a water bath 
using a reflex condenser for half an hour and the extraction was 
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continued for £4 h at room temperature with fv-equent agitation. 
After that Bupernant was filtered. The residue left was further 
extracted with other grades of alcohol and water in sirailar 
manners. fit the end of es/evy £4 h the supernant was filtered and 
added to original extract collected. The combined extract was made 
up to £50 ml aliquot. This was used for clarification and 
estimation of sugars. Clarification was done by the method 
described in fl.O.ft.C.(1953). 
The alcohol in the aliquot (£5 ml) was evaporated. To the 
residue, 10 ml of distilled water was added. The colloidal 
substances were precipitated by adding 1 ml of basic lead acetate. 
It was filtered through Whatman filter paper no. 40. To ensure the 
excess of lead oxalate the liquid was filtered after adding £ ml 
of saturated potassium oxalate. The volume of the filtrate was 
made up to 50 ml in a volumetric flasks with distilled water. This 
was used for hydrolysis of non-reducing sugars. 
To the clarified solution (£5 ml) was added 1£.5 ml of 0. 5N 
hydrochloric acid and placed over a water bath for 30 minutes for 
conversion of non-reducing sugars into reducing sugars. After 
cooling, a drop of methyl red was added. The content were 
neutralised with O.5N sodium hydroxide. This solution was made 
acidic by adding a drop of acetic acid and the volume was made 
upto 100 ml with distilled water. The reducing sugar was 
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estimated by method of Somogyi (1952). Sugar reagent and 
clarified solution (5 ml) were mixed and were transferred to test 
tubes. These were heated on a water bath for 15 rnin. To each test 
tube was added 1 ml of £.5 per cent potassium iodide after cooling 
through the sides of the test tubes without agitation and 3 ml of 
£N sulphuric acid with vigrous shaking. The excess of iodine 
liberated was titrated. 
3.16.2. Quali-fca-bive analysis of sugat^s 
Top, middle and lower leaves of both resistant (ML-&1) and 
susceptible (HD-£009) cultivars collected at boot stage in the 
morning were grounded in a mortar and pestle separately. 
Qualitative analysis of sugar was made by using 80 per cent ethyl 
alcohol according to ft.O.ft.C. (1953) method. The alcohol soluble 
and water soluble fractions were combined and concentrated to few 
ml at 60 C. To the residue 10 ml of water was added and clarified 
according to the method described earlier (3.16.1.). The clarified 
solution was passed through IR 1£0 resin columns to remove 
inorganic salts. The water soluble portion was collected at the 
rate of 1.5 ml per minute. The volume was reduced to £ ml. 
Unidimensional chromatograms were run for analysis. ft spot 
containing £5 to 50 Ail was placed on the chromatogram along with 
standard sugars and mixture of standards. Chromatograms were 
Sugar reagent 
Copper sulphate 
Sodium carbonate 
(anhydrous) 
Vochelle salt 
Potassium iodide 
Sodium sulphate 
Sodium hydroxid N 
Distilled water 
a 
3 0 
3 
a 
180 
4 0 
1000 
g 
9 
g 
g 
g 
m l 
m l 
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treated with water solvent contairiing a butanol: acetic acid: 
water <A:1:1: v/v) mixture and dried. These were sprayed with 
benzidine reagent (benzidine 5g+ glacial acetic acid £0 ml+ 
absolute alcohol 80 ml; Horrocks,1949) . The distance of the spots 
appearing was measured and compared with known sugars. 
3.16.3. Quantitative analysis of free amino acids 
Free amino acids were estimated by the method described by 
Lawerence et. al. . (1960). The leaves (3 g) from both resistant and 
susceptible cultivars were grounded on mortar and pestle, 
separately, with 60 ml of 80 per cent alcohol. The ground material 
was filtered and the residue was extracted with 80 per cent 
alcohol and filtered. The filtrates were combined and evaporated at 
60°C and was added to separate the layer of the chlorophyll. The 
chlorophyll free aqueous layer containing amino acids was then 
passed through a cation exchange resin column (1 x 15 cm 
Arnberlitev IR-120H ) to remove unwanted interferring material, 
fimino acids were eluted with 3N ammonium hydroxide. The effluent 
was evaporated at 50 C. The residue thus obtained was dissolved in 
1 ml of 80 per cent alcohol and used for separation of amino acids 
by two dimensional paper chromatography. 
Ascending two dimensional paper chromatography was employed 
to separate amino acid using butanol, acetic acid, water (4:1:1 
v/v) as the first solvent system and phenol and water (3:1 w/v) 
as second solvent systems. Drops of the solution (0.01 to 0.OS ml) 
was placed on Whatman chromatographic filter paper no.1. The 
chromatograms were sprayed with first solvent mixture for 24 to 30 
h, evaporated and again irrigated in the second direction with the 
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second solvent mixture for the same duration, ftfter being dried, 
the Ninhydrin (0.£5 per cent) was sprayed for the development of 
spot of amino acids. The Rf value of the spots in each solvent 
were calculated and identified by comparing with those obtained 
earlier, for standard amino acids under similar conditions. 
3. l&.A. Quartti-tative analysis of protein bound amino acids 
To release protein bound amino acids, the residue was 
hydrolysed with 6N HCl for 30 min at 121CC in the presence of 
stannous chloride. ftfter configuration, the supernant was 
evaporated to dryness to remove HCl before analysis. For the 
detection of amino acids, the extracts were chromatogramed by two 
dimensional ascending technique using sec-butanol:formic acid: 
water: (75:13:IS v/v) for the first direction and phenol saturated 
with citrate buffer as second div-^ection solvent <Turba, 1954). The 
dried sheets were sprayed with 0.S per cent ninhydrin and heated 
at 70CC for 5 min suitable reference standards were used for 
identification of amino acids. 
3.16.5. Quali'bative analysis of amino acids 
Qualitative analysis of amino acids was done by following 
the method of Block (1950), using chromatography with the help of 
Whatman filter paper no.1 and n-butanol: glacial acetic acid: 
water (1£:3:5) as solvent, ftlcoholic extracts of samples alongwith 
££ known amino acids were spotted on one end of the sheet in a 
line with the help of a micropipette and suspended. After 10 h. 
the sheets were dried in the air and sprayed with 0.2 per cent 
(v/v) of ninhydrin in water saturated butanol. The sheets were 
dried in air followed by drying in Ar\ oven at lOOCC temperature 
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for £ rnin. The Rf values of various spots developing wev^e measured 
and were compared with Rf values of known amino acids. 
Rf= a/b 
Where, a = distance travelled by the known sample in cm 
b = distance travelled by the solvent in crn 
3-17. The minimufn pei~iod required for successful infection of ft. 
triticina in 100 per cent relative humidity 
One month old plants of resistant (ML-61) and susceptible 
(HD-2009) cultivars were selected for inoculation of A. trit icina 
spores artificially. The plants were raised in 30 cm clay pots, 
and after a month of sowing the plants were sprayed with 
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spore suspension at the rate S x 10 spores/ml. The whole leaves 
from top to bottom were uniformly inoculated with an atomizer. 
After inoculation the inoculated plants were kept in moist 
chamber for 6 to 72 h as the case might be. The humidity inside 
the moist chamber was approximately cent per cent and a free film 
of moisture was always formed on the leaves. After the specified 
period of incubation in moist chamber the pots containing plants 
were transferred to green house benches. The experiment was 
terminated after 30 days of inoculation. The experiment was 
conducted in the crop season 1988-89. The sowing of seeds was done 
on November 15, 1988 and inoculation of spore suspension was 
conducted on December 15, 1988. The experiment was terminated on 
January 15, 1989. The temperature during the period of experiment 
ranged between 5.4 to 29.7 C. The whole of the experiment was 
repeated again in similar conditions in crop season 1989-90. 
Keeping in dates of sowing, inoculation and termination same but 
1£7 
the temperature durivig this period ranged between 6.1 to 32. S C. 
For recording the observations, two hundred leaves were 
selected randomly from top to bottom from all the replicate. They 
were bulked and scored on 0-9. Then per cent infection was 
calculated as outlined in 3.1.6. 
3.18. Effect of differ'ent relative humidity on radial grovtth of Q. 
tfitacina 
Different relative humidity viz., 82.9, 88.5, 92.9, 96.1 
and 100 per cent were maintained in dessicator by using sulphuric 
acid solution of different specific gravities as per the 
Commmonwealth Mycological Institute <1983). The petriplates after 
incubation were incubated at £0+2 C temperature in B.0-D. 
incubator for 14 days under continuous darkness. The radial growth 
of the developing colony was measured after every £4 h upto 
termination of experiments. Measurements for radial growth were 
taken as described in 3. 15. 1. 1. 
3. 19. Control trials 
3.19.1. Control of seed nycoflora 
3. 19. 1. 1. Ef-fect of different fungicidal compounds on seed 
wyco-flora 
fi lot of 400 seeds of cv. HD-2009 for each treatment was 
treated with 0.2 and 0.3 per cent concentration of different 
fungicides and antibiotics <lists are given in Tables-3.4- and 
3.5.) in distilled water for 60 min. The seeds were then dried. 
The standard blotter method was used for isolation of fungi 
associated with seeds <as described in 3.2.2. 1.). There were four 
replicates in each treatment and each replicate contained 100 
1S8 
Table 3.4. Trade name and chemical composition of fungicides used 
Trade name Chemical composition (active ingredient) 
Pgallol 
Ogrosan GN 
Benlate 
Bavisitin 
Bisdithane 
Brassicol 
Blitox-50 
Captan 
Cosan 
Dithane M-45 
Dithane 2-78 
Delton 
Fytolan 
Ma neb 
Panogen 
Plantvax 
Thiabendazole 
Thiram 
Vitavax 
3 '/' mercury as methoxy ethyl mercury chloride 
1 •/. mercury as phenyl mercury acetate and ethyl 
mercury chloride 
Methyl - N — <1, butyl carbomoyal) - S - benzimi-
dazole carbamate 
Benzimadazole S - methyl carbamate 
Mixture (5O:50) of thiram and zineb 
75 f' penta chloro nitrobenzene 
Copper oxychloride 50 % 
N, trichloromethyl mer capto-4-cyclohexene-l-£— 
bis-carboximide 
60 % wettable sulphur 
75 "/• Cordination product of zinc ion and manganese 
ethylene bisdithiocarbamate 62 % (Manganese 16 *, 
zinc £ %^ ethylene bisdithiocarbamate 62 ?4) 
75 % zinc ethylene bisdithiocarbamate 
SO % wettable sulphur 
75 % copper as copper oxychloride 
Manganese ethylene - 1 - S - bisdithiocarbamate 
Methyl mercuric dicyandiamide 
5,6 — dihydro - £ ~ methyl - 1, 4 - oxathiin - 3 
- carbooxymilide 
2 - (4 - thiozolyl) benzimiidazole 
80 X zinc dimethyl dithiocarbamate 
5,6 - dihydro - 2 - methyl - 1, 4 - oxathiin - 3-
carboxini i1ide 
1£9 
Table:3.5. List of antibiotics with ti~ade name, their composition 
and manufacturers name 
Trade name 
ftrnbistryn-S 
Procaine 
penci11 in 
Gentamycin 
sulphate 
firnpl ici 11 in 
(Aristoci11 in) 
flureofungin 
Streptocyclin 
Composit ion 
Streptomycin sulpahte 
equivalent to 1 g 
Procaine benzyl Pencil 1-
i n - 3000 units 
benzyl penci11in-3000 
units (sodiurn salt) 
Methyl Paraben 15 •/-
Propyl Paraben .02 % 
ftmplicillin sodium equi-
valent to 500 mg of 
anhydrous amplicillin 
N—methyl p-arnino aceto— 
phenone and mycosamine 
Mixture of streptomycin 
and chlorotetra cycline 
hydrochloride 
Manufacturer name 
Sarabhai Chemicals 
Baroda-390007, India. 
Indian Drugs & Phai— 
maceuticals Ltd. 
Vi rbhadra-£49S0S 
Rishikesh, India. 
Pharmtak 
l,Bijal Navghar Road 
Mulund (East) 
Bombay-AOOOai. 
ftristo Pharmaceuti-
cals Pvt. Ltd. 
IS,J.N.Haredia Marg 
Ba11ard est at e 
Bombay-400038. 
Hindustan antibiot-
ics Ltd. 
Pimpri, Poona. 
Hindustan antibiot-
ics Ltd. 
Pimpri, Poona. 
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seeds. Observat ioris were made after 7 days of incubatiori at 20+2 C 
on the lines mentioned in 3.5.7. 
3.19.1.2. Effect of different plant products on seed inycoflora 
3. 19. 1. 2. 1. Preparation of leaf extract 
Freshly collected leaves <S00 g) of different plants 
(Table-3.6. ) were blended in AOO rnl of sterilized water, filtered 
through cheese cloth. The filtrate was centrifuged at 5000 r. p.m. 
for 30 min. The supernant was separated and collected in a 
separate flask. This was termed as 'S' (standard or 100 per 
cent). It was diluted with the help of distilled water to obtain 
50 per cent concentration. 
3. 19. 1.2. 2. Collection of latex 
The latex of Calotropis procera and Euphorbia pulchirrema 
was collected by incising the leaves and tender stern with 
sterilized needle. The collected latex was designated as ' S' 
concentrat ion. 
The seeds were transferred to petridishes containing 
different concentration of latex and extract. After 2 h, the 
seeds were removed and dried. These seeds were plated for studying 
the seed mycoflora on the lines described in 3.2.2.1. and 3.5.7. 
There were 100 seeds for each treatment and there were four 
replicates. The seed mycoflora of untreated seeds served as 
control. 
Since no leaves are produced of Cuscuta reflexa. the shoot 
portion was taken for preparation of the extract. 
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Table—3.6. List of plants used as extracts / latex in the control 
trials 
Botanical name 
Pizad irachta indica ft. Juss. 
fibv^us Drecatorius Linn. 
Croton bonplandianus BailIon 
Calotropis procera (Willd) 
Dryand ex.W.Ait. 
Cannabis sativa Linn. 
ChenoDod i urn a 1 burn Li nn. 
Convolvulus arvensis Linn. 
Cuscuta reflexa Roxb-
CyrnboDOon flexuosus (Nees ex 
Steud Wats) 
EucalvDtus globulus Labi 11. 
Euphorbia Dulcherrirna Willd. 
ex. Klotzeh 
Neriurn indicurn Mill. 
Ocimum sanctum Linn. 
Oxalis corniculata Linn. 
Ricinus communis Linn. 
Taqetes erecta Linn. 
Xanthi urn strumarium Linn. 
Farni ly 
Meliaceace 
Papi1ionaceae 
Euphorbiaceae 
Asclepiadaceae 
Cannabaceae 
Chenopod i aceae 
1 Convolvulaceae 
I Convolvulaceae 
Poaceae 
Myrtaceae 
Euphorbiaceae 
Apocynaceae 
Lamiaceae 
Oxalidaceae 
Euphorbiaceae 
Asteraceae 
Asteraceae 
Parts used 
Leaf extract 
Leaf extract 
Leaf extract 
Latex 
Leaf extract 
Leaf extract 
1 Leaf extract 
! Whole plant 
extract 
Leaf extract 
Leaf extract 
Latex 
Leaf extract 
Leaf extract 
Leaf extract 
Leaf extract 
Leaf extract 
Leaf extract 
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3.19.2. Efficacy of different fungicides, antibiotics and plant 
products against flltemaria triticina in vitro 
Relative efficacy of 15 furigicides, 6 antibiotics and 17 
plant products was studied ijn vitro by using 'Poison Food 
Technique' (Schrnitr, 1930). 
3.19-2-1. Poison Food Technique 
Fungicides / antibiotics / plant products were incorporated 
in the medium in such a way that the final concentration cornes to 
10, 100, 500, 1000, £000 and 3000 pprn in case of fungicides and 
antibiotics and 16.50, 33.00, 50.00, 66.00, 82,50 and 100 per cent 
concentration in case of plant products. The petriplates 
containing such media were inoculated with ft. tr it icina as 
indicated in 3.15.11.1. The petriplates were incubated in B. 0. D. 
incubator at 20+2 C temperature for 7 days under continuous 
darkness. The radial growth of the fungal colony was measured in 
mm. Growth of the fungus in the medium without fungicides/ 
antibiotics/ plant products served as check. The per cent 
inhibition of fungal growth over check was calculated by the 
following formula: 
C - T 
Pe^r cent inhibition over check = x 100 
C 
Where, C = growth of the fungus in check 
T = growth of the fungus in petriplates with fungicides / 
antibiotics / plant products 
3.19.3. Studies on the control of leaf blight disease of wheat 
caused by fl. triticina 
ftttempts were made to control leaf blight of wheat caused 
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by ft. trit icina by using furtgicides, antibiotics and plant 
products which proved efficacious in inhibiting the growth of the 
fungus iri vitro. The entire studies were divided into five parts 
(Scheme-I-V): 
Part- 0 (scheme—I) 
Seeds were treated with Oureofungin, Curnan, Delton, Dithane 
M-45 and Thirarn (each at 0.2 per cent concentrations) for 60 win 
and latex of C. procera <60.0 per cent concentration) for 120 rnin. 
1) The seedlings (25 days old) raised from such seeds were sprayed 
with Cuman, Delton, Dithane M-A5 and Thiram fungicides at the rate 
of 0.2 per cent concentration separately. The seedlings after 5 
days of spray were inoculated with the fungus and sprayed again 
with the fungicides after 15, 30 and 45 days of inoculation. 
2) The seedlings, raised from the seeds treated above, when 30 
days old, were inoculated with the fungus, and followed by sprays 
with fungicides at 15, 30, 45 days interval of inoculation in one 
set of plants and 
3) at 20, 40 and 60 days interval inoculation in another set. 
Part-B (scheme-ID 
Seedlings raised from untreated seeds, when 25 days old 
were given spray with the four fungicides (0.2 per cent) 
separately followed by inoculation with the fungus after 5 days of 
fungicidal spray. These seedlings were subsequently sprayed with 
the fungicides separately at an interval of 
1) 10, 20 and 30 days; 
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£) 10 and £0 days and 
3) 10 days after inoculation. 
In second set, the treatments were the same as above except, 
the duration of interval was changed to 
4) 15, 30 and 45 days; 
5) 15 and 30 days and 
6) 15 days and 
In third set to 
7) £1, 4£ and 63 days; 
8) £1 and 4£ days and 
9) £1 days , respectively. 
Part-C (schenie— III) 
Seedlings of wheat raised from untreated seeds, when 30 
days old, were inoculated with the fungus followed by sprays with 
the fungicides after 
1) 5, 10, £0 and 30 days; 
2) 5, 10 and £0 days; 
3) 5 and 10 days; 
4) £0, 35, 50 and 65 days; 
5) £0, 35 and 50 days; 
6) £0 and 50 days; 
7) £0, 30 and 45 days; 
8) £0 and 35 days and 
9) £0 days of inoculation. 
Part-D (scheme—IV) 
Seedlings of wheat raised from untreated seeds when 75 days 
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old, were sprayed with fungicides. These were inoculated with the 
fungus 5 days after the spray. Subsequent fungicidal sprays were 
made after 
1) 10, £0 and 30 days; 
£) 10 and £0 days; 
3) 10 days; 
4) 5, 10 and 15 days; 
5) 5 and 10 days; 
6) 5 days; 
7) 15 and 30 days; 
8) 15 and £5 days and 
9) 15 days of inoculation. 
Part —E (scheme—V) 
seedlings of wheat raised from untreated seeds when 75 days 
old, were inoculated with the fungus and subsequently sprayed with 
the fungicides after 
1) 10, £0 and 30 days; 
2) 10 and £0 days; 
3) 10 days; 
A) 5, 10 and 15 days; 
5) 5 and 10 days; 
6) 5 days; 
7) 15 and 30 days; 
8) 15 and £5 days and 
9) 15 days of inoculation. 
The seeds of wheat cultivar HD-£009 were sown in sterilized 
soil contained in 30 cm clay pots at the rate of 10 seeds for each 
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pot. Pis arid when required the seedlings were inoculated with the 
fungus on the lines given in 3.3.£. Routine watering of pots, 
fertilization etc. were given as recommended by ICAR (1987). The 
inoculated plants were incubated in humidity chamber at 100 per 
cent relative humidity < as per 3.3.2.3.1.). 
3.19.4. Checks 
Appropriate checks in the form of untreated seeds and / or 
unsprayed plants were kept throughout the studies. 
3.19.4.1. Replications 
There were ten replicates of each plants of a treatment 
with ten plants in each replicate for a treatment. 
3.20. Screening of vtiheat cultivans against ft. triticina 
Different wheat cultivars collected from lARI, New Delhi, 
GBPUflT, Pant nagar and Koirsi, flligarh (Table-3.7) were screened 
against ft. trit icina. 30-days old seedlings were inoculated with 
spore suspension of ft. trit icina as out lined in 3.3.2.1. to 
3.3.3.4. The details of raising of seedlings were same as given in 
3.3.1. There were 10 seedlings for each cultivar in each replicate 
and there were five replicates. Observations were made after 30 
days of inoculation as stated in 3.21. 
3.21. Observat ion 
In the studies dealing with the control of the leaf blight 
and screening of cultivars, 30 leaves, selected at random, from 
top to bottom from all the replicates, were pooled together. 
Scoring was done by measuring the in-fected area on 0-9 scale as 
described in 3.1.6. (Mayer and Datar, 1986). The infected leaf 
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Table:3.7. Name of the Cultivars and their source of procurement 
screened against ft. triticina. inciting leaf blight 
disease of wheat. 
Name of the 
Cult ivars 
1. 
£. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 
10. 
11. 
IS. 
13. 
14. 
15. 
16. 
17. 
18. 
ig. 
SO. 
UP-1110 
UP-115 
UP-S6S 
UP-368 
UP-1089 
UP-SISI 
HD-SS81 
HD-2S85 
VL-410 
VL-4S1 
ML-61 
MLN-S31 
MLKSl 
MWT5 
RR-Sl 
HD-1941 
HD-2S70 
HD-SS04 
HD-24S8 
HD-S329 
Source of 
procurernerit 
G. B.P.U. A. T. , 
Pant nagar 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
I. P. R. I. , 
New Delhi 
Do 
Do 
Do 
Do 
Name of the 
Cult ivars 
21. WL-711 
22. C-306 
£3. KVZ-BON 
24. ISWYT-1 
£5. IfiS54/BNQ 
26. ISWYT-5 
(FLN-ftCSXftNPl) 
27. SONftLIKft 
£8. KftLYfiNSONfi 
29. TRM/ftLD'S 
30. DL-153-2 
31. PfiTO 'R' /TZ 
PP- SN64 XNftR 
32. CISI-4SS7/ 
TRM/MAD'S' 
33. BTYS X TOBCH 
34. IET(LF)PPSN 
35. NP-846 
36. VL-641 
37. HD-2009 
38. UP-2003 
39. Agra local. 
40. Agra local^ 
Source of 
procurement 
I. A. R. I. , 
New Delhi 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Govt, distribu 
-tion centre 
Koirsi,Allgarh 
Do 
Do 
Do 
Do 
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area was rated as 
Scale rating Reaction 
0 Irnrnune 
1 - £ Resistant 
3 - A Tolerant 
5 - 6 Moderately susceptible 
7 - 8 Susceptible 
9 Highly susceptible 
3.21.1. Statistical analysis 
In the control trials <3. 19.3) the data recorded on 0-9 
scale were subjected to statistical analysis by calculating per 
cent disease index / intensity (P.D.I.) calculated as follows : 
Total disease ratings <of individual leaves) 
P. D. I.= X 100 
Total number of leaves examined x maximum ratings 
where, maximum rating = 9 
total number of leaves examined = 30 
The value PDI were transformed into inverse Sine 
\/percentage (Dospekhov, 1984). The effectiveness of fungicide was 
adjudged by calculating percentage disease control (P.D.C.) and by 
calculating its critical difference (CD.) at 0.05 and 0.01 per 
cent levels of significance. The per cent disease control was 
calculated by the formula : 
% index in treatment - % disease index in control 
P. D. C. = 
% index in control 
* in both the cases Inverse \/ percentage transformed value was 
used. 
f urig i 
f ung i 
from 
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CHfiPTER-4 
EXPERIMENTAL RESULTS 
4. 1. Sur'vey for* the incidence of ft. tr^iticina on wheat from 
fields in and around ftligarh district 
Results on survey for the incidence of ft. tr it ic1na in 
five districts of West Uttar Pradesh (Fig.-5.1.) for three 
consecutive years i.e.1988-83, 1989-90 and 1990-91 show highest 
incidence during 1969-90. Highest mean—infect ion of the fungus 
amongst all the localities was in Badaun and least in Etah 
district (Fig.4.1.). 
Highest mean infection of the fungus in ftligarh district 
(Tables-4.1.-4.2.;Fig.5.1.) was recorded in Iglass (30.03) and 
least in ftligarh city (17.00). The per cent infection of the 
fungus in the remaining localities ranged from £3.53 to £6.86 per 
cent. 
In different localities in Badaun district the average per 
cent infection of the fungus was highest in Wazirganj (34.S6) 
locality while, in the remaining localities the infection ranged 
from £7.03 to 3£. 83 per cent (TablBs-4.3— 4. 4. ;F ig.-3. 3. ) . 
Out of ten different localities surveyed in Bulandshahr 
district the least average per cent fungal infection was in 
Dankaur (£0.60). The apparent highest figures of average per cent 
infection of the fungus were in Siyana (3£. 76. ) (Tables-4. 5.-
4. 6. ;Fi g. -3. 4. ). 
Similarly, in different localities of Etah district the 
least average per cent infection of blight was in Bilram (17.26), 
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though, the highest per cent infection of the disease was in 
Piluwa (£6.43) <Tables-4. 7.-4. S. ; Fi g.-3. 5. ) . 
There was no difference in the per cent infection of blight 
on wheat in different localities of Mathura district (Table5-4.9.-
4. 10. ;Fig. -3. &. ) . 
The pev" cent coefficient of variation (CV%) of Q. t r i t i c i na 
on wheat studied for three consecutive years varied with the 
cropping years in five distr-^icts (Table-4. 11. ) . The least CV 11.20 
per cent was recorded for Badaun district for the cr^op year 1968-
89 and highest £2.59 per cent in Bulandshahr district for the crop 
year 1989-90. The per cent infection of leaf blight was 
significantly high during the year 1989-90. The rain fall was also 
high in this year <Fig.-4.£. ). 
4.2. Studies on mycoflor*a of seeds 
A.S.I. D)~y seed examination 
Dry seed examination of seed samples collected from 
different localities in five distr^icts of West UP indicated that 
the seeds of wheat wev^e contaminated with inert matter, seeds of 
other crops (coriander, fennel, gram, linseed and mustard) and 
weeds (viz., ftsphodelus tenui folius Cav. , Chenopodium album Linn., 
Convolvulus awensis Linn., Mel i lotus indica (Linn. ) fill. and 
Silene conoidea Linn.). 
4.2.2. Seed Mashing test 
The seed washings indicated the presence of the spores of 
£5 fungal species representing 17 genera (Table-4.12). Highest 
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number of fungal species, iritercepted belonged to filtemaria. The 
highest average spore load/seed was that of fllternaria alternata 
(with a range of 60O-l,6c:000 spore 100 seed) followed by that of 
A. trit icina <with a range of eOOO-li=:0000 spore " 100 seed) arid 
Neovossia indica (with a range of 400-94000 spore" 100 seed). The 
other fungi with lesser range and mean were Olternaria 
chrysanthemi, Co 1 letotrichurn dernat i uw, Sclerot inia sc 1 erot iorum, 
Ti1let la foet ida, T. caries, Puccinia spp. and Ust ilaqo spp. It is 
interesting that some of these fungi so intercepted were not 
encountered by incubation technique. 
4.2.3. Blotter and agar plate methods 
Results on the mycoflora of seeds collected from 
different localities not treated with sodium hypochlorite 
indicated that largest number of species belonging to a variety of 
genera were found associated with seeds collected from flligarh 
district followed by seeds from Badaun, Etah, Bulandshahr and 
Mathura district by using both the methods. When seeds were 
treated with 0.35 per cent sodium hypochlorite before isolating, 
the number of fungi was less but the pattern was the same (Tables 
4. 13. to 4. 32. ). 
Of the two methods of isolation of fungi tested, the 
blotter method proved to be the best as the number of fungi 
isolated from seeds from all the localities was more than agar 
plate method, fls a result of treatment of seeds with sodium 
14J 
hypochlorite, the number of fungi isolated was reduced- However, 
the number of fungi isolated fromseeds of the localities of 
Aligarh, Etah and Mathura was more by blotter method than agar 
plate method whereas, agar plate method proved the best for seeds 
(treated) from Baduan and Bulandshahr. Although, in this locality 
the number of fungi isolated by agar plate method was less but the 
fungi belonged to a varied genera (Table-4.41a.). 
4.2.3.1. ftligai-h 
Aspergilli dominated with as many as eleven species in 
isolations made by using blotter method and Alternaria and 
Penici11ium each with seven species in isolations made by agar 
plate method from untreated seeds of Aligarh district <Tables-
4. 13.-4. 14. ). 
By using standard blotter method S3 species of fungi 
belonging to 35 genera were intercepted while, 68 species 
belonging to 30 genera by using agar plate method. 
Mucor qlobosus, M. hiemalis. Mort ierella zonata. 
Asperq i1lus flavi pes, A. qlaucus, A. terreus, A. versicolor, 
Geotrichum candidurn, Moni1ia qrisea, Qidium ramosum. Penici11ium 
requlosum. Trichoderma qlaucurn, Aureobasidi um pul 1 ulans. 
Curvularia trifolii. Drechslera rostrata. Epicoccum 
purpurancens, Septoria trit ici and Fusarium so1ani though isolated 
by blotter method, could not be isolated by agar plate method. 
Similarly, Chaetomium magnum. Penici11i um striatum. Alternaria 
triticola and Curvularia geniculata were not intercepted by 
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blottter method fr^ orn seeds collected from different localities at 
fillgarh district. 
Highest number of fungal species was found associated with 
seeds of cultivar ftD3 in both the methods of isolation. However, 
the least number of fungi was isolated from seeds of cultivar ADIO 
by using blotter method ftD9 by agar plate method. 
flsperqi1lus flavus, ft. niqer, fllternaria alternata, ft. trit icina, 
Drechsl era soroki ni aria arid Fusari urn gram in ear urn were isolated from 
seeds of different cultivars in all the localities by both the 
methods. The frequency of Q. trit icina ranged fv^ om 0.50 to 11.50 
by blotter arid 1.75 to 15.50 by agar plate method. 
fts a results of treatement of seeds with sodium 
hypochlorite some differences were observed. Here also ftspergilli 
with seven species dominated in isolations made by blotter and 
fllternaria with nine species in agar plate method (Tables- 4. 15. 
and 4.16.). 
Mucor globosus, M. hiemalis, M. racemosus, Rhizopus 
nigricans. R. arrhisus, Mort ierella zonata. flsperq ill us qlaucus, 
A. versicolor. Ceph a1ospor i um acremonium, Moni1ia qrisea, 
Penici 1 1 ium nigricans, jP. requlosum , Tr ichoderma ql aucum. T. 
1iqnorum, T. album, flcremoniel la verrucosa. ftureobasidium 
pullulans. Curvularia trifoli i, Drechslera rostrata, Stachybotrys 
at ra, Thielaviopsis basicola, Uloci ad ium atrum, Fusari um so1an i, 
Chaetomella horrida and Pyrenochaeta deci piens. though isolated 
from untreated seeds were eliminated as a result of 
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treatment in isolation made by blotter method. Similarly, Mucor 
aburidans, M. racemosus, Rhizopus arrhizus, R.. nigricans, 
flsperqi 11 us nidulans, Cepha lospor i urn acremoni urn, Geot rich urn 
candidum, Penici 11 i urn striatum, Tr ichoderma al burn, T. 1 i qnorum, 
flureobasidi um pul1ulans, Curvularia qeniculata. flcremonine11a 
verrucosa, Stachybotrys atra, Ulocladium atr-urn and Pyrenochaeta 
decipiens. though isolated from untreated seeds, were eliminated 
as a result of treatment in isolation made by agar plate methods. 
Highest number of fungal species was recovered from 
tv^eated seeds of cv. ftDl and ftDS: in isolation made by blotter and 
agar plate methods, respectively and least by using blotter method 
method. 
The frequency of ftlternaria t r i t i c i na ranged between 1.00 
and 11.50 and 0.75 and 15.50 per cent in blotter and agar plate 
methods of isolation, respectively. 
4. 2. 3. 2. Badaun 
On the seeds collected from Badaun district, fispergilli 
dominated in isolations made by using blotter and agar plate 
methods with seven species each in the twomethods of isolation 
(Tables- 4.17. and 4.18.). 
Cladosori um cladosporioides, Curvularia subulata, Epicoccum 
ni qrum and Macrophowina phaseolina. though isolated by blotter 
method, could not be intev^cepted by agar plate method. Similarly, 
Phomopsis vexans was not intercepted from different localities at 
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Bad^ iuri disti^ict. 
The number of fungi associated with seeds of different 
cultivars in this district was highf3st on seeds of cv. BDS and 
least with seeds of cv. BD9 in both the tests. 
However, Psperqi 11 us f lavus. fl. ni qer and 01 teyriBria 
alternata were intercepted from the seeds of all the cultivars by 
using both the methods. Pit ernaria trit icina was recovered from 
the seeds of all the cultivars in standard blotter method while in 
agar plate method it was recovered from all the cultivars except, 
BD7. The frequency of occurrence of fl. t r i t i c i na ranged from 0.25 
to 10.75 per cent by blotter and from 1.00 to 12.75 per cent by 
agar plate method. The frequency of occuv^rence was highest for fi. 
niger by using both the isolation methods (Tables-4.17 and 4.18.). 
Results on the seed mycoflora of treated seeds indicated 
that flspergilli (seven species) dominated in isolations made by 
both the methods (Tables- 4.19. and 4.£0.). 
Mucor abundans, M. h iemalis. M. racemosus, Rhi zopus 
arrh izus, R.. ni qr icans. flcremonium vit is. Penic i 1 1 i um f el 1 utanum. 
P. funiculosum, Spicaria divericata, Trichoderma alb um, T. 
1 i gnorum. fll tev^nari a long issima, CI adospor i um cladospor ioides. 
Curvularia subulata, Epicoccum nigrum Macrophomina phased ina and 
Septoria nodorum. though isolated from untreated seeds, were 
eliminated as a result of treatment in isolation made by blotter 
method. Similarly, Mucor abundans. M. hiemalis. Rhizopus 
nigricans, R_. arrh izus, ftcremoni um vit is. Penici 1 1 i um f el lut anum, 
p. funiculosum, Spicaria divericata, Trichoderma album, T. 
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1 ignorurn. 
Qlternar la long issirna and Septoria nod or urn, though detected from 
uritreated seeds, were eliminated as a result of seed treatment in 
isolations made by agar plate method. 
Highest number of fungal species from treted seeds was from 
the seeds of cv. BD£' and least with the seeds of cv- BD9 by 
employing both the isolation methods. 
The per cent frequency of Q. tr it icina ranged between 0.25 
and 8.25 and 0.50 and 9.50 in blotter and agar plate methods, 
respectively. The frequency of occurrence was highest for fi. 
alternata on the seeds of cv. BD4 by using agar plate method. 
4. 2. 3. 3. Bulandshahr 
Fusari urn with seven species dominated in isolations made by 
blotter and ft 1ternaria, Drechslera and Fusari um each with six 
species by agar plate method (Tables— 4.21. and 4.22. ). 
Mucor racemosus, Monilia grisea, Penici11i um varians, 
Curvularia tr i fo1i i and Fusarium so1ani, though isolated by 
blotter method, could not be intercepted by agar plate method from 
seeds collected from different localities at Bulandshahr. 
ftsperqi1lus flavus. A. niger and ftlternaria alternata were 
isolated from seeds of all the cultivars in all the localities by 
both the methods. Mucor hiemaHisaeracemosus was intercepted 
from the seeds of all the cultivars by using blotter 
method whereas, from acultivars except CD9 by using agar plate 
method. The frequency of ftlternaria trit icina ranged from 0.50 
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to 9.00 by blotter method and from 0.50 to 12.00 by agar 
plate method. 
Higher number of fungal species was associated with seeds 
of cv. CD3 in both the tests and least with the seeds of cv. CDS 
by using agar plate method. 
The frequency of occurrence was highest for Q. niqer 
(18.00) on seeds of cv. CDS when blotter method was used and for 
A. alternata (£3.75) on seeds of cv. CD7 when agar plate method 
was used. 
Studies on mycoflora of treated seeds indicated that 
Fusari urn with seven species dominated in isolations made by 
blotter method and ftlternaria, Drechslera and Fusari urn with six 
species in each,in isolations made by agar plate method (Tables-
A. £3. and 4. £4. ). 
Mucor abundans, M. racemosus, Rh izopus arrhi zus. Humicola 
fuscoatra. Fusariurn solani, and Macrophoma sp. , though isolated 
by blotter method were absent in isolation made by agar plate 
method. 
Highest number of fungal species was found associated with 
seeds of cv. CD3 in isolations made by both the methods and least 
on the seeds of cv. CD9 by agar plate method and CDIO in blotter 
method. The per cent frequency of fl. trit icina ranged between 0.75 
- 4.75 and 0. £5 -5.50 by blotter and agar plate methods, 
respectively. But the highest frequency of occurrence recorded was 
for ft. alternata (19.S5) by blotter method from seeds of cv. CD7. 
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A. 2. 3.4. Etah 
ftspergilli with six species dorninated in isolations made 
by blottef" £»nd fispergilli, Penici 11 i urn and Dreehsl era each wit!" 
six species by using agar plate method (Tables—4.£5. and 4.£&. ). 
Wort ierel la zonata, flsperq ill us terreus and Hur.'iicol a 
fuscoatra, though isolated by blotter method, could not be 
intercepted by agar plate method. Similarly, Epicoceum puvguracens 
and Phomopsis vexans were not intercepted by blotter method from 
seeds collected from different localities in Etah district. 
flsperq ill us f 1 avus, Q. niqer and Qlternar ia al ternat a we.-^ e 
isolated from seeds of all the cultivars by using both the methods 
of isolations. Highest number of fungi was intercepted from seeds 
of cv. DD3 and least from the seeds of cv. DDIO by both the 
isolation methods. The highest frequency of occurrence recorced 
was for Q. alternata on the seeds of cv. DD8 by both the isolation 
methods. However, the per cent frequency of occurv^ence for A. 
trit icina ranged between 1.00 to 15.25 (isolated from seeds Of six 
cultivars) by blotter method and 0.50 to 16.50 (isolated from 
seeds of seven cultivars) by agar plate method. 
In studies dealing with the effect of seed treatment with 
sodium hypochlorite also indicated the dominance of Aspergiili 
from seeds by using both the isolation methods (Tables- 4-£7. and 
4.28. ). 
Mucor abundans, M. hiemalis, M. racemosus, Rh i zopus 
arrh izus. R^. ni qr icans, R,. nodosus. Wort ierel la zonata, 
Penici 11 ium f el lutanurn, flcremonine 11a verrucosa, Drechslera 
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rest rat a. Hum! col a f uscoatv-a, St achbotrys altemaris, Chaetomel - :^  
h o m d a . Sept or i a tr it i ci arid Rh i zoct oni a sol ani , though isolated 
from untreated seeds were eliminated as a result of treatmerit in 
isolations made by blotter method. Similarly, Mucor abundans, '^. 
h iemalis, M. racemosus, Rhinopus arrh i zus, R. ni qrleans. ^. 
nodossus, Penici11i um fellutanum, ftcremonine11a verrucosa. 
Cladospori um cladosporioides, Cercospora gram in is, Drechsle-'a 
rest rat a, Humicola f uscoat ra. Stachbotrys al t emans, Chaetomel la 
horrida, Phomopsis vexans. Sept oria nodorum , S. t r i t i c i and 
Rh ieoctonia so1an i, though isolated from untreated seeds were 
eliminated as a result of treatment in isolation made by acar 
plate method. 
Highest number of fungal species was isolated from seeds cf 
DD3 by both methods of isolations and least number with cv. DE'5 
and DDIO by blotter method and from seeds of DDIO by agar plate 
method. The per cent frequency for 0. trit icina ranged between 
0.£5 - a. 00 (isolated from seeds of seven cv. ) by blotter and 0. £5 
- 9.25 (isolated from seeds of seven cv. ) by agar plate method. 
4.2-3.5. Mathur-a 
ftspergilli dominated in the isolations made from seeds of 
Mathura district by blotter and agar plate methods but the genus 
was represented by eight species in former and seven species m 
the latter (Tables- 4.29. and 4.30.). 
flsperqi11 us flavus, ft. niger. ftlternaria alternata and A. 
t r i t i c i na were isolated from seeds of all cultivars in both the 
methods of isolation. 
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Highest number of fungal species was recovered from the seeds of 
ED4 by blotter methoa and ED£ and CD4 by agar plate method and 
least in the cv. EDIO and cv. ED9 by blotter and agar plate 
methods. 
The frequency of occurrence was highest for Q. ni qer on the 
seeds of cv, ED7 in both the tests. The frequency of occurrence of 
Q" trit icina ranged from 0.75 to 17.75 by blotter and from 0.75 to 
19.75 by agar plate method. 
flspergilli with seven species each dominated in both tne 
methods of isolation when seeds were treated with sodium 
hypochlorite (Tables- 4.31. and 4.32.). 
Mucor abundans, M. h iemal is, M, racemosus. Rhi zopL.s 
arrhizus, R.. nigricans, R. oryzae, flspev-gi 11 us versicolor, 
Cephalospori um roseo-qri seum. Penici11i um ni qri cans, ftureobasid i um 
pul 1 ulans, CurvulaT'ia gen icu lata, Fusar ium qraminearum and F. 
moni1i formae though isolated from untreated seeds , were 
eliminated as a result of treatment in isolations made by blotter 
method. Similarly, Mucor abundans, M. h iemal is, M. racemosus. R^. 
arrhizus, R.. ni qrleans, R^. orysae, fl- versicolor. £. nigricans, 
flcremoninella verrucosa, ftureobasid i um pul1ulans, C. geniculata 
and 3. nodorum, though isolated from untreated seeds, were 
eliminated as a result of treatment in isolation made by agar 
plate method. 
Highest number of fungal species was found associated with 
seeds of cv, ED4 and least from seeds of cv. EDIO by employing 
both the methods. The frequency of occurrence of Q. triticira 
ranged between 1,00 and 12,50 by blotter and 0.25 and 12.75 by 
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agar plate methods. 
It is interesting to note that fispergilli dominated in the 
isolations made from the seeds of different cultivars of all the 
localities except those from Bulandshahr where Fusariurn dominated 
by using blotter method. However, no such generalisation could be 
made with respect of dominance of fungi in the isolation made by 
agar plate method. 
Treatment of seeds with sodium hypochlorite eliminated a 
number of fungi in both the methods of isolations but trend in the 
dominance of a genus with large number of species, however, 
remained unche^nged. The frequency of some of the fungi was also 
reduced as a result of treatment with sodium hypochlorits. 
The difference in the frequency of occurrence of fungi. by and 
lagre, was significant statistically. 
4. a. 3.6. GBPUfiT, Pant Naga»~ 
In all 9£ species of fungi belonging to AO genera and 34 
species belonging to 34 genera were isolated from seeds of 
different cultivars by standard blotter and agar plate methods, 
respectively (Tables- 4,33. and 4.34.). Highest number of fungi. 
isolated by blotter and agar plate methods, belonged to 
Psperqi1lus (15 and 14 spp. , respectively). 
Highest number of fungi (30 and £8 spp.)was found 
associated with seeds of cv. HD-2£ai and least number with seeds 
of cv. VL—4£1 (15 spp.) and MLN-E31 (13 spp.) in blotter and agar 
plate methods of isolations, respectively. 
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ft Iternar ia alternata was found associated with seeds of all 
the cultivars using both the methods but its highest frequency was 
recorded on the seeds of cv- HD-££:85. The frequency per cent 
ranged between 0.75 and 19.75; and 0.75 and lA. 00 in blotter ana 
agar plate methods, respectively. The other commonly intercepted 
fungi from seeds of different cultivars were ftsperqi .1 lus f lav us, 
ft. ni qer, ftIt ernaria trit icina, Curvularia lunata, Drechslera 
dernat ioidea and D. sorokiniana. 
The frequency of occurrence of Q. trit icina ranged from 
0.00 to 11.50 in blotter and 0.00 to 13.00 in agar plate method. 
The difference in the pe)r cent frequency between different fungi 
were significant statistically in most of the cases. 
In isolation made from seeds treated with sodium 
hypochlorite 59 species representing £6 genera were isolated by 
standard blotter method and 58 species belonging to ££ genera by 
agar plate method (Tables- 4.35. and 4.36.). 
Drechslera doriiinated in the isolations made by two methods 
with a species by blotter and 9 species by agar plate methods. 
Highest number of fungal species (17 spp. in blotter and £0 spp. 
in agar plate methods) was associated with seeds of UP-115 in 
both the methods of isolations methods, while, least number of 
fungi from the seeds of cv. MWT-5 (B spp.) by blotter and with UP-
1089 (7 spp. ) by agar plate method. 
The frequency of occurrence was highest for Drechslera 
sorokiniana (10.25) in cv. MLN-231 by blotter test and ft. 
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trit icina (9.00) in cv. HD-SSSl by agar- plate test. The ranges of 
fi-^ equericy < per cent) of other commonly intercepted fungi were 0.75 
to 7, £5 and 1.00 to 8.50 for filter n a n a alternata; 1.00 to 9.00 
and 0. £'5 to 9.00 for fl. trit icina; 0,25 to 5.00 and 0.75 to 4.00 
for flsper^qi 11 us f lavus and 0.75 to 10. £5 and 0.25 to 8,25 for 
Drechsl er'a sorokiniana by blotter and agar plate methods, 
respectively. The differences between frequency of different fungi 
on various cultivars were significant statistically in most of the 
cases. 
4.2.3.7. IflRI, New Delhi 
The number of fungal species isolated from the seeds o-r 
different cultivcars from IflRI was more than those from Pant nagar. 
It was 99 species belonging to 37 genera by using standav^d blotter-
method and 9S species belonging to 34 genera by agar plate method 
(Tables- 4.37. and 4.38.). 
Highest number of species of fungi isolated by blotter-- and 
agar plate methods belonged to fisperqi1lus. Highest number of 
fungi was found associated with seeds of cultivars Sonalika (£3 
spp.) and Kalyansona (£6 spp.) in blotter and agar plate methods, 
respectively. The least number of fungal species was associated 
with seeds of cv. ISWYT-1 (13 spp. by blotter and 1£ species by 
agar plate) by both the methods of isolations. 
The fungi which dominated in the seeds of different 
cultivars wer-e Pispev^ qi 11 us f lavus, A. ni qer, fil ternaria alternata, 
Curvularia lunata. Drechslera sorokiniana and Fusarium 
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qrarniriearurn. The frequency of occuri--"encG of Q. tr 11 icina ranged 
between 0.75 and 8. £5 in blotter and 0.25 and 8.00 in agar plate 
methods. 
In general, the differences in the per cent frequency 
between different fungi were significant statistically in most of 
the cases. 
In all 77 and 75 species representing 33 and 31 genera 
were isolated from seeds of different cultivars treated with 
sodium hypochlorite by using both blotter and agar plate methods, 
respectively (Tables- 4.39. and 4.40.). 
flsperqi11 us with 11 species and Drechslera with 9 species 
dominated in the mycoflora by representing maximum number of 
fungal species by using blotter and agar plate methods, 
respectively. However, largest number of fungi was associated with 
seeds of cv. Kalayansona (£0 spp. ) by blotter and Sonalika (£0 
spp.) by agar plate methods. The least number of fungi was 
associated with seeds of cv. NP-846 (7 spp- ) and TRM/PlLDS (9 spp. ) 
with corresponding methods of isolations. 
Highest per cent frequency of occurrence was for fllternaria 
trit icina <8.£5) by blotter and Drechslera sorokiniana 0.50) by 
agar plate methods. The other fungi mostly encountered were 
flsperqi 11 us f lavus, fi. niqer. Qltemar ia alternata. Curvularia 
lunata, Drechslera dematioidea and Fusari urn graminearum. The 
frequency < per cent) of A- trit icina ranged from 0. £5 to 8. £5 by-
blotter and from 0. £5 to 8.75 by agar plate methods in the seeds 
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of different cultivars. 
The differences in the per cent frequency between 
different fungi were significant statistically in most of the 
cases. 
4.2.3.8. Mean (per cent) association of dominating fungi with 
total number of cultivars collected 
There has been variation in the dominance of fungal species 
from seeds from different localities and from GBPUfiT and IfiRI. 
However, over all, it appears that ftsperqi11 us with 0. f1avus and 
ft. niger, ftlternaria with Q. alternata and fl. trit icina, Botryt i s 
ciner^esi., Curvularia lunat a, Dv^echsl era with D. demat ioidea and D. 
sorokiniana and Fusari um graminearum were predominantly associated 
with seeds of various wheat cultivars collected (Table-4.41.). 
The highest number of samples were infested with 
flsperqi11 us flavus (8£.O) followed by fl. alternata (81.O ), ft. 
nig er (80.5 ), ft. trit icina (79.0 ), D. sorokiniana (52.5 ), C. 
1 unata (49.0 ), B. ci nerea (45.0 ), F. qrami near um (38.0 ) and D. 
demat ioidea (34.0 ), However, as a result of treatment of seeds 
with sodium hypochlorite the trend changed- Highest number of 
samples (flO.O ) were found infected with ft- alternata followed by 
that of ft. trit icina (76.0 ), ft. f lavus (74.0 ) ft. niqer (64.5 ), 
D. sorokiniana (51.5 ), C. lunata (48.0 ), B. cinerea (46.5 ), F. 
qraminearum (31.5 ) and D. demat ioidea (31.5 ). 
It is evident that ft. flavus dominated in the isolation 
made from untreated seeds while, ft. altemata in isolation made 
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after seed treatment with sodium hypochlorite. 
4.2.3.9. Frequency iinsari per cent) of dominating fungi associated 
with seeds of different cultivars 
flsperq ill us flavus, Q. niqer, fllternaria alternata, fi. 
trit iciria., Botryt is cinerea, Curvularia 1 unata, Drecrhslera 
demat ioidea, D. sorokiniana and Fusarium qraminearurn and 
Periici 11 ium were dominated rnycoflora in untreated and seeds 
treated with sodium hypochlorite (Table-4. 41b., 4.42.). The 
frequency of most of the fungi was higher in untreated seeds as 
compared to treated seeds. 
The frequency (per cent) of Curvularia spp. , Drechslera 
demat ioidsa, D. sorokiniana and Drechslera spp. was higher on 
seeds from filigarh district; ftsperqi1lus flavus and ft. niqer on 
seeds from Mathura district and C1adosporiurn on seeds of different 
cultivars from Pant nagay- by using standard blotter method (Table-
4,4£.). However, when agar plate method was used the mean 
frequencies of Curvularia lunata on seeds from Aligarh district; 
of fllternaria trit i cina on seeds from Mathura district; of 
Penici11i um spp. on seeds from Bulandshahr district; of 
flsperqi 11 us spp. ort seeds from Badaun district and fllternaria 
alternata and fllternaria spp. ou seeds from Etah district were 
recorded highest. 
4.2.3.10. Germination of seed of wheat collected from different 
localities and institutions 
The per cent germination of seeds collected from different 
localities and cultivars varied <Table- 4.43. and 4.44.). Highest 
per cent seed germination was in seeds of cultivars from IORI 
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(73.03 per cent) followed by those of Mathura district (70.42 per 
cent), Parrt nagar (62.97 per cent), Bulandshahr (61.50 per cent), 
Etah (59.85 per cent), Badaun district (54.08 per cent) and 
flligarh district (50.41 per cent). The germination per cent 
improved as a result of treatment with sodium hypochlorite. The 
per cent seed germination, in most of the cases was higher when 
tested by agar plate method as compared to between paper method. 
4.3. Effect of seed treatment with antibiotics, fungicides and 
plant products on seed mycoflora 
4.3.1. Antibiotics 
(R) Treatment of seeds with antibiotics like flmbistryn , 
Penici 11 in ^ ^\ Gentamycin ^ ^\ ftmpl ici 11 in ^ "^^ flureof ung in ^''^  and 
(R) Streptocyclin , not only decreased the fungal mycoflora 
associated with seeds in general but also reduced the per cent 
frequency of occurrence of fungi (Table— 4.45. ). 
fis a result of treatment of seeds with 0.2 and 0.3 per 
cent concentrations of fimbistryn the total number of fungal 
species isolated was 14 and 16; with Penicillin, 17 and 14; with 
Gentamycin, 15 and 13; with fimplicillin, 14 and 13; with 
ftureofungin, 8 and 9 and in Stv-eptocycl in, 14 and 12 as a result 
of treatment with two concentrations, respectively as against 23 
in untreated (control) seeds. 
Aureofungin was found most effective in eradicating larger 
number of fungal species at both the concentrations, followed by 
treatment with Streptocyclin, Amplicillin, Gentamycin, Ambistryn 
CI. 
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arid Penicillin, Of the two concentrations tried, 0.3 per cent was 
more effective than the 0.2 per cent. Not all the antibiotics were 
equally effective against all the genera; for example flureofungin 
was most effective against Pisperq ill us. Pen i c i 11 i urn and 
fllternar ia ; Gentarnycin against Botryt is ; Penicillin, ftrnplicillin 
and fiureofungin against Tr ichotheci urn; ftrnbistryn against 
Curvularia and ftrnplicillin and Gentarnycin against Drechslera. 
Fusari um, Rh i zopus, Chaetorniurn, Vert ici 1 1 i urn. Ulocladi urn and 
Bot ryod i p1od i a were, however, found sensitive against most of the 
antibiotics tested in the present study. None of the antibiotics 
tested was effective in completely eradicating the ftlternari a 
alternata,Curvularia 1unata and Rhizoctonia so1 ani. 
The per cent germination of seeds was significantly higher 
in antibiotics treated seeds. Lower concentrations (0.2 per cent) 
promoted seed germination more than the higher (0.3 per cent) 
concentrations. Highest per cent of (79.£5 per cent) seed 
germination was recorded in seeds treated with firnbistryn and 
least (55.75 per cent) with Gentarnycin but in all the cases the 
germination was higher than the control. 
4.3.2. Fungicides 
Although most of the fungicides are deleterious and harmful 
for the living organisms but they are widely used to control 
various plant diseases. With the introduction of the new 
cultivars of crop plants, a constant check is necessary with 
regard to seed mycobiota. Keeping this in view, the present 
wJ J 
experiment was designed to study the fungal rnycoflora associated 
with wheat seeds as influenced by seed treatment with fungicides 
(Table-4.46.). 
Seed treatment with two concentrations (0-£ and 0.3 per 
cent) of various fungicides not only significantly reduced the 
number of fungal flora associated with the wheat seeds but also 
reduced their per cent frequency of occurrence. 
The number of fungi associated with wheat seeds was 11 and 
when treated with 0.2 and 0.3 per cent of Vitavax; 12 and 8 with 
Plantvax, 14 and S with Benlate; 13 and 13 with Thirarn; 15 and 15 
with'Maneb; 13 and 9 with Ceresan dry; 9 and 6 with Panogen; 9 and 
4 with ftgallol; 16 and 15 with Brassicol; 15 and 12 with Captan; 
16 and 14 with Thiabendazole; 14 and 12 with Dithane M-45; 16 and 
13 with Dithane Z-7S; 14 and 11 with Blitox-50; and 14 and 8 
with Delton in respective concentrations, while from untreated 
seeds the number was 23. ftgallol was found most effective 
fungicides in reducing the fungi on seeds followed by Panogen, 
Vitavax, Plantvax, Ceresan dry, Delton, Benlate, Blitox-50, 
Thiram, Dithane M-45, Dithane Z-78, Captan, Brassicol, 
Thiabendazole and Maneb. Vitavax, Plantvax and Benlate were 
effective against Penci11ium; Vitavax, Plantvax, Benlate, Ceresan 
dry, Panogen and ftgallol against Curvularia; Panogen and flgallol 
against Fusari um and Panogen and figallol against Rh izoctonia 
However, Rh i zopus, Chaetomium, Botrvt i s. Trichotheci um. 
Ulociad i um. Vert ici11i um and Botryod iplod ia were found sensitive 
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against most of the fungicides tested in the present study. 
The per cent seed germination was significantly increased 
as a result of treatment of seeds with the two concentrations of 
fungicides. The germination was more in the 0.3 per cent as 
compared to O.£ per cent. Maximum seed germination was recorded in 
(0.3 per cent) in seed treatment with Panogen. 
It appeav^s that seed treatment with flgallol was most 
effective in eliminating largest number of fungi and reducing the 
the per cent frequency of fungi. 
4.3.3. Plant products 
The number of fungi associated with wheat seeds and their 
per cent frequency of occurrence were significantly reduced as a 
result of treatment of seeds with 50 and 100 per cent 
concentrations of various plant products (Table-4.47). However, 
100 per cent concentration was more effective in reducing fungi 
associated with seeds than 50 per cent concentration, fts a result 
of treatment with the two concentrations of various plant 
products, the number of fungi was 15 and 13 as a result of 
treatment with extract of flzadirachta indica; 18 and 15 with 
Abrus precatorius; EO and 18 with Croton bonp1and ianum;1£ and 4 
with Calotropis procera; £0 and 15 with Cannabis sat iva; £1 and 
15 with Chenopodi um album; 18 and 13 with Convol vol us arvensis; 15 
and 10 with Cuscuta reflexa; 1£ and 11 with Cvmbopoqan flexusous; 
1£ and 1£ with Eucalypt us globulus; £3 and 16 with Nerium 
indicum; £1 and £0 with Qcimum sanct um; £1 and 16 with Oxalis 
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corni culat a; £0 and IS with Ricirms communis; 14 and 10 with 
X ant hi um sti-'umari urn; 13 and 13 with Euphorbia pulcheri-'irna and £2 
and ££ with Taqetes evecta in respective concentrations of the 
plant products as against £8 fungi in untreated seeds. 
The latex of C. procera was found most effective in 
reducing largest number of fungi and/or minimizing its per cent 
frequency of occurrence followed by the extract of C. flexuosus, 
E. globulus, X.. strumari um, C. ref lexa, E. pulcherr ima, ft. 
indica, A. precator i us, C. arvensis, C. sat iva, C. a I bum, O. 
corn 1 cul at a, N. indicum, C. bono 1 and i anum, O. sanctum, R^. communi s 
and T. erecta. Latex of C. procera was also most effective against 
Qsperq ill us, fllternari a, Curvularia, Drechslera and Rhi zoctonia. 
whereas, extracts of ft. i nd i cs and C. procera against the 
Penici11i um and ft. precatori us, C. arvensis, C. flexuosus, N. 
ind icum, X_. strumari um, E. pulcherr ima and ft- indica against 
Botryt is and Fusarium. None of the plant products could completely 
eradicate the fungi viz., ft 11 ernar i a al temata and Rh i zoctonia 
solani. 
The treatment with various plant products resulted in 
enhancing the per cent seed germination. Highest seed germination 
was recorded when seeds were treated with latex of C. procera. In 
general, the germination per cent was more at higher concentration 
than at lower concentration, with few exceptions. 
A. 3. 4. Compat^ative effectiveness of chemical compounds and 
plant products showed promising effect on seed—raycoflora 
In these studies four different concentrations viz., 0.10, 
16c 
0.15, 0.25 arid 0.35 per cent of flureof ung in and Agallol and 20.0, 
40.0, GO. 0 and 80.0 per-" cent of latex of Ca lot nop is procena were 
tested against seed rnycoflora ( Table-4. 4S. ) . 
The seed rnycoflora was considerably reduced as a result 
of seed treatment with different chemicals and plant p>-^oducts. The 
number of fungi associated with seeds decreased with the increase 
in concentrations of ftureofungin, Agallol and C. procefa. Highest 
per cent reduction in rnycoflora was observed as a result of 
treatment with ftureofungin (0.35 per cent) followed by Agallol 
(0.25 per cent) and latex of C. pr'ocera (60.0 per cent) when 
compared to untreated check. 
An increase in concentration of the chemicals and plant 
products resulted in corresponding increase in pen cent seed 
germination except, in highest concentration where there was a 
decrease. 
4.4. Studies on flltet^nayja ti~iticina on wheat 
A. 4.1. Frequency of occurrence 'From seeds of different cultivars 
A. t r i t i c i na was recovered from untreated seeds from all 
the cultivars from different localities, except ML-61 (Pant 
Nagar), CDIO (Bulandshahr) and DD4, DD7 and DDIO (Etah) by 
blotter method and UP-10S9, ML-61 , MLN-E:31 (Pant nagar); BD7 
(Badaun) and DD4, DD7 and DDIO (Etah) by agar plate method (Table-
4.49. ). The exceptions of cultivars, from which A. trit icina was 
not isolated from treated seeds, were ML-51 (Pant nagar); BD7 
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(Badau.ri) ; CD7, CDIO (Bular.dshahr) arid DD4, DD8 and DDIO <Etah) by 
blotter method and IET(LF)PPSN (IPlRI); ML-61 (Pant nagar) ; BD7 
(Badaun) and DD7, DDS and DD9 (Etah) by agar plate method. Taking 
the overall view in the two methods of isolations and treatments 
Q. trit icina was isolated from seeds of all the cultivars from 
different localities and the seed obtained from institutions 
(except ML-61, a Pant Nagar cultivar ). 
The range of frequency of ft- trit icina from seeds from 
different localities varied. The maximum limit of the range was 
higher from seeds of Mathura district and least from seeds from 
I.fl.R.I. by both standard blotter and agar plate methods when 
isolations were made from untreated seeds. Though, the frequency 
of occurrence of ft- trit icina in most of the cases was reduced as 
a result of treatment with sodium hypochlorite but the trend 
remained the same. 
4.A.£. Other fungi associated with seeds infected with ft. 
tyjticina 
Seeds infected with ftlternaria trit icina were found 
associated with other fungi such as ftlternaria alternata. 
ft.tenuissima, ft. lonqissima. ftlternaria state of Pleospora 
infectoria, ftsperq ill us flavus. ft. ni ger, ft. ory^ae, Botryt is 
cinerea, Curvularia 1unata, C. pallescens, Cladospori urn herbarum. 
Drechslera sorokiniana. D. demat ioidea, D. trit ici-repent is, 
Fusari um nivale and Trichothecium roseum (Table—A.50. ). Of these 
fungi, the numbers of colonies of ft. trit icina were highest 
(£98.65+9.40). This was followed by Drechslera sorokiniana. 
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ftlternar ia alt ernat a, Tr ichotheci urn roseum, flsperq ill us f lavus, 
Curvul aria 1 unata, Fusar i urn ni vale, Cladospon urn herbarurn, 
flsperoi 11 us ni qer, Botryt is ci nerea. Curvul aria pal lesceris, 
ftl ternaria tenuissirna, ft. longissirna.. Drechslera trit ici-
reperit is, D. dernat ioidea, ftlt ernar ia state of PI eospora irif ectori a 
arid flsper-'qi 11 us oryzae. 
When compared with other fungi, the frequency of Q. 
trit icina was 58.30, with the other fungi occupying 41.70 per 
cent frequency. 
It is, thus, evident that Drechslera sorokiniana, 
fliternaria alternata and Fusarium nivale were predominantly 
associated with seeds infected with ft. trit icina. 
A.A.3. Relation of A- tfiticina with black point 
Invariably black point seeds yielded ft. trit icina, 
therefore, it was considered desiv^able to study the relation of ft. 
trit icina with such seeds (Table-4. 51. ) . 
Out of 17 fungi isolated, the largest number of species 
was of ftlternaria and Drechslera each with three species. 
ftsperqi 11 us, Curvul aria. Cladospor i urn and Fusarium were 
represented by two species each and ftureobasidium. Botrytis and 
Trichotheci urn with one species each. The frequency per cent was 
highest for ftltev-naria alternata <A0. 50) followed by ft. 
triticina (18.SB) and Drechslera sorokiniana (16.75). The per cent 
frequency of the remaining fungi ranged between 0.83 and 13.66 
per cent and their their relative per cent frequency between 0.50 
and 8.26 per cent. 
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Thus, it appears that black pointed seeds contain other 
fi.tngi besides P. trit icina. 
4.4.4. Location of ft. tyiticina on and in the seeds 
4.4.4.1. Component plating technique 
When isolations were made from different components of seeds 
viz,, seed coat, endosperm and embryo <Table-4,5£. ), A. trit icina 
was isolated from all the components of seeds with its highest 
frequency in embryo. It appears that it is deep seated and a major 
pathogen. Besides ft. trit icina, £1 species of fungi belonging to 
ten genera were intercepted; of which the with all fungi were 
isolated from seed coat and 16 and 9 species were isolated from 
endosperm and embryo, respectively. 
Fusarium oxysporum. Penici 11 i urn chrysoqenum, P. di qi tat urn, 
£. not at um, Curvularia qeniculata, Tr ichot heci urn roseum and 
Rh isoctonia so 1ani were not isolated from embryo, while fllternaria 
long issima, fliternar i a state of P_. inf ector ia, Cladosporium 
herbarum, Drechslera trit ici—repent is. £. requlosum and 
Asperqi11 us oryzae were not isolated from both endosperm and 
embryo. 
Of all the fungi isolated from seed coat and endosperm the 
highest frequency was of fllternaria alternata while, amongst 
those isolated from the embryo the highest frequency was that of 
fllternaria trit icina. 
4.4.4.2. Histopathology of seeds infected with ft. trit icina 
Histopathological examinations of seeds infected with ft. 
trit icina indicated the presence of mycelium in all components 
of wheat seed viz., pericarp, starchy and horny endosperm and 
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embryo. The mycelium was both inter and intra cellular. The 
mycelium aggregation was in the endosperm and membrane covering 
scutellum of the embryo. 
4.A.5. Penetration of 0. triticina in wheat leaves 
The penetration was noticed through both upper and lower 
surfaces of the leaf. Germinated spores entered the leaf surface 
directly penetrating the epidermal layers, stomata and wounds 
(Table- 4.53.). The frequency of entrance through wounds was 
highest <75.00 per cent) and that of direct penetration lowest 
(15.00 per cent). Entrance through lower surface of leaf was 
frequent (50.60 per cent ) than the upper surface of the leaf 
(43.33 per cent). 
There was no entrance of germinated spores of ft. trit icina 
in upper and middle parts of the leaf through direct penetration 
(Table- 4.54.). Highest number of germinated spores entered 
through the lower part of the leaf and least through upper parts 
of the leaf. 
4.4.6. Studies on viability o-f spor^es and pei~ennation of 
inoculum 
4.4.6.1. Viability of spores 
4.4.6.1.1.Under laboratory conditions 
The results presented in Table-4.55. indicate that the 
spores/mycelium of ft. trit icina. associated with wheat leaves, 
remained viable upto 27 months (March 12, 1988 - June 12, 1990) 
under laboratory (preserved) conditions, ftlmost all the isolations 
made from preserved material upto 15 months (i.e. till June 12, 
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1989) of preservation gave ft. tr it iciria. The viability decreased 
with further increase in period of preservation. After 18 
(September IS, 1989), SI (December IS, 1989), S4 (March 12, 1990) 
and £7 (June IS, 1990) months, only 70, 60, 30 and 5 per cent 
isolations from the infected portion, respectively gave the 
fungus. Thus, it appears that the viability of the fungus 
decreased with increase in the duration of storage. 
4.A.6.1.2.Under field conditions 
The spores of Q. trit icina under field conditions (in soil) 
remained viable upto 15 months (i.e. March 13, 1988 to June 13, 
1989). The per cent frequency in isolations decreased with an 
increase in duration. Viability was completely lost after 15 
months under field condition (Table-4.56.). 
A.A.6.2. Perennation of the fungus 
A. A. G. 2. 1. Thr^ough seeds 
Isolations of the fungus from the seeds indicated high 
percentage of isolation (91.50 per cent) upto three months which 
decreased with further storage of seeds. Q. trit icina was not at 
all isolated after 39 months of storage (Table-A.57. ). 
A. A. 6. 2. 2. Through soil and plant debt~is 
A perusal of Table-A.58. showed that the colonies of ft. 
trit icina were noticed when isolations were made from wheat's 
field soil and plant debris upto 15 months. The per cent frequency 
of isolations from soil remained high (90.0) upto 3 months which 
decreased with increase in duration. The least frequency of 
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isolation was noticed after 15 months ( 5.0 per cent). 
4.4.6.2.3-Through air (spread) 
fl perusal of Table-A.53. showed that when plants were 
covered with polythene sheet no infection of ft. trit icina was 
observed, while 72 per cent plants became infected with the fungus 
when they were left uncovered, ft 100 per cent infection was 
noticed in the set sprayed with fungal spores and remained 
uncovered. 
Ori the basis of the results presented in Tables-4. 55.-
4.59., it rnay be concluded that the viability of ft. trit icina 
varied under laboratory and field conditions. Under laboratory 
conditions the spores associated with the wheat leaves remained 
viable upto £7 months, however, under field conditions upto 15 
months. The spores remained viable for longer period when seeds 
infected with ft. triticina were kept under room temperature. 
Thus, the fungus perennated through infected seeds, plant 
debris and infested soil which acted as primary source of 
inoculum of ft. trit icina. Spread of spores through air probably 
served as secondary source of inoculum. 
4.5. Studies on morphological and cultui~al char^acters of 
different isolates of ft. triticina 
4.5.1. Morphological characters 
Results presented in Tables-4. 60. and 4.61. show that 
different isolates differed in morphological and taxonomical 
characters. The average mean radial growth of colonies of the 15 
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isolates was 46.61+0.49 rn. rn. with a rarige between 4S. 24+0. 14-
48.71+0.12 rn. rn. The length of conidiophore (between two septa) 
and width ranged between 17.0 and 28 /urn (average 17.9-27.1 /.""^  ^^"^ 
3.0 and 6.0 (average 3. 1-5. 8 Airn) , respectively. THe number of 
septa was 1—10 transverse and 0-5 obiique/longitudnal septa in 
different isolates studied. However, the conidia were solitory or 
in chains of 2—6. The range of length of conidia including beak 
varied from 13.5 to 84. 7 /jm (average 31. 6+1. 18 /urn) and width from 
4.7 to 31,7 A<rn (average 4. 9-27.4 /urn) . The length of the conidial 
beak ranged between 2.0 and 35.5 /.\m (average 3.0-30.3 Aim) and 
width between 3.0 and 7. 0 Airn (average 3. 1-5. 5 /^ jm) . 
4.5.2. Cultu>~al char^actei^s 
The colonies in isolates 1,3,4,7,8,10,14 and 15 were 
discrete, intially white in colour, gradually becoming fuscous-
brownish black, reverse intially cream gradually changing with the 
colony colour and finally becoming brownish black when grown on 
PDA (Table—4.62.). The conidiophore in these isolates were 
olivaceous brown in colour. The conidia were obclavate, rostrate, 
golden brown to dark brown and smooth. While,colonies in isolate 
numbers 2 and 5 were effuse, discrete, intially white with powdery 
appearance gradually turning into olive buff -deep olive buff, 
reverse intially crearn in colour gradually turning into olive buff 
-deep olive buff. The conidiophores were olive buff - deep olive 
buff; Conidia obclavate, rostrate, olive buff - deep olive buff, 
smooth. The colonies in isolate 6 and 12 were discrete, dark 
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blackish brown -charcoal black, reverse same as the coloriy colour; 
coriidiophore olivaceous brown; conidia obclavate, rostrate, golden 
brown to blackish brown in colour, smooth while in isolate number 
9, 11 and 13 the colonies were effuse, discrete initially white 
with powdery appearance gradually turning into brown to fuscous, 
reverse same as the colony colour; conidiophore similar in colour 
as the mycelium; conidia obclavate, rostrate sometimes oval in 
shape, light brown to golden brown to olive brown in colour, 
smooth. Therefore, on the basis of cultural characters and 
percentage distribution of conidia! length and width (Table-4.61. 
and Figs.-4.3.-A.6.), the isolates can be grouped into four broad 
category. Category I : 1, 3, 4, 7, 8, 10, 14 and 15 
Category II : £ and 5 
Category III: 6 and IS 
Category IV : 9, 11 and 13 
4.S. Effect of different factors on growth (radial and 
mycelial) and sporulation of one isolate of each of the 
four categories 
4.6- 1. Tempei-at ure 
4.6.1.1. Radial growth 
The growth of fungus increased with an increase in 
temperature upto 2£.5°C (Table-4.63.). With further increase in 
temperture there was decrease in growth. The growth was observed 
upto 35 C though poor. The growth was also poor at 10*^C. However, 
the isolates of four categories differed in the mean radial growth 
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observed at various temperatures but the cardinal temperature 
remained the same i.e. S£, 5 C. The temperature also influenced 
the rate of growth, fit low and high temperature (unfavourable) the 
initiation of growth was delayed. fit favourable temperature 
initiation of growth took place within 24 hours but at other 
temperatures only after 4S hours in all the isolates tested. 
4.£.1.2. Mycelial growth and sporulation 
Similar pattern of relationship of temperature with dry 
weight of mycelium was observed(Table—4.64.). Highest growth was 
observed at 2£. 5 C in all the isolates. However, isolates of the 
four categories differed in the dry weight of the mycelium 
produced in the medium. Sporulation in all the four isolates was 
also observed at all the temperatures studied but highest 
sporulation was at ££.5 C. 
4.6. S. Relative humidity 
With art increase in relative humidity and duration of 
incubation there was significant increase in radial growth of all 
the isolates of the fungus of fl. triticina (Table-4. 65. ). There 
was no growth of fungus after 24 h (1 day) at all the RH except, 
at 100 and 98.5 per cent relative humidity. The difference in 
radial growth consistently increased from 1st to Sth day while, it 
was reverse after 10th day. However, the maximum difference in 
radial growth was observed between 9th and 10th day, with few 
exception, at various relative humidity. 
fi significant difference was observed in radial growth 
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amongst various isolates of fl. trit icina at different RH (except, 
between 9£. 9 and 9&. 1 per cent relative humidity). 
Thus, 100 per cent relative humidity was most favourable 
for radial growth of different isolates of ft. trit icina. Isolate 
of category I showed highest growth at all the relative humidity 
and number of days. Maximum increase in colony diameter occurred 
between 9th and 10th day of incubation. 
4.6.3. Light 
The growth of all of the fungus was highest when the 
fungus was exposed to alternate light and dark for IS hours. 
However, the isolates of category I differed with isolates of 
other categories in the dry weight of mycelium when exposed to £A 
h continuous light <Table-4.66.). 
Sporulation in all the four categories of fl. trit icina 
differed under light - darkness pattern but maximum sporulation 
was observed when exposed to £A h continuous darkness. Whereas, 
all the isolates failed to sporulate under continuous light. 
4.6.4. pH of the aiedia 
Results given in Table- 4.67. indicate that growth of all 
the four isolates of ft. trit icina increased with increase in pH 
of the media upto pH 6.0 after which inrease in pH of the medium 
resulted in reduction in growth. The four isolates of the 
categories differed in the dry weight of the mycelium produced at 
different pH levels. 
Sporulation in all the four isolates of the fungus 
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increased with increase in pH upto 6.O followed by a decrease. 
Thus, it seerns that all the four isolates prefer a pH range of 
5.0-7.0 for its maximum growth and sporulation. 
4.6.5. Dif-fer^ent culture media 
Highest growth of isolates of all the four categories of P. 
trit icina was observed in standard nutrient medium (Table— 4.6S.). 
Minimum growth of isolates in categories I was observed in the 
corn rneal agar and tap water agar and that of isolate IV in corn 
meal agar only; of isolates II and III in tap water agar. 
A. 6. &. Different carbon sout~ces 
Almost all the carbon sources tested supported the growth 
of all the four isolates of Q.. tr it icina <Table-4. 69. ) . Highest 
growth of all the four isolates of the fungus was observed in the 
medium containing D-Fructose as carbon source besides basal medium 
and least growth of category I was observed in medium with 
Dulcitol and Pectin. However, different isolates of different 
categories differed in the dry weight of the mycelium produced in 
medium containing different carbon sources. The next carbon source 
which supported good growth of all the isolates was D—Glucose. 
Amongst the Polysaccharides tested, Starch was assimilated by all 
the four categories of isolates as is evident by moderately good 
growth. 
Maximum sporulation was observed in the medium containing 
D-Glucose. There was no sporulation in all the isolates of the 
fungus in the medium containing L-Sorbose, D-Ribose, Raffinose and 
L 
0 
ni 
01 
0 
I'iJ liT a^ Gj UT N OJ CO u3 U i <r CO iTi iXi UT f''J uJ O U J U3 
li) r- N iXl N" O l i ! OJ ^ in h- CTi ^  ^ O Ul Oj ^ O CD <r <;• h-
I C j t I f ^ ^ : IXS • ^ '• i " s i 
I U Cn n CTi i i l 4 - N N uT <-'! r--i N !j"j 
i.Li -^ h- -? 0^ ^ O — N O -T CU 
bi f'5 i''3 d oi d -^ <r <• f'O CU n 
- ; ^-) I'" J U J U J i "^  ul N i'-^ 1 
M n j ^ ; 
1 
4 * > . I 
c m I 
Qi - a i 
S- 1 
QI N ! 
<+- I 
M- 'M I 
•H 0 I 
C ! > (•I n CD oj a: - t oj CU u~ CU ^-i cu M C' U~ ui o N uj cc ^ iXi 03 C i 
O O CU I 
f -fi -fi -ri + i -f-i + i + i + i + f i - i - f l - r i - r i - f i + ! + i + i - f - J - f - l 4 - i 
o - i f-0 - i cn N in ;••-! cn ro r^ m ! T^ T^ OJ iji in CU n i n in N h- y3 in o j cc -^  in •-! uD •-* o j i n 
m I 
. . . u j • . ;JU « . . . t r 
s ± •-•*• {Tf t t - i i'"**} - n • Li": T-i r ^ r v i*^; 
0 U 
-r -^ u * « •'-' r j 1 i.'j vLi -^ !  ! ^ 'w- ^ t.T^  iTi OJ Li l -4" iT^ 
OJ i j j OJ liD rO f ' j CO CU CU OJ ' H CU Cu CU ^ru CU ' ' ; n ^ CU 
+ 1 7-1 * i i 
^ J - ro i 
U! 0} i n I 
B > • : 
r^  <r CU i 
u! 1 
r CU I 
4J +1 i 
2 in 1 
0 . i 
5. OJ I 
a io j i 
<f r-'* CTi i'"'! N -^ IT! CTi OJ <r N -^ r^  h- ~? CU u3 CU OJ Wi u2 O N OJ 
r-t -P 
m 113 
I 
T3 V I 
IB QJ ( 
S. 4 * i 
ro i 
c n i 
0 3 i 
0 f 
HI C i 
•rt -H i 
T3 I 
HI C I 
£ 111 ! 
r i 
• 01 3 ! 
i . ! 
D I 
• p m 
U LI 
•H 
+> -p 
01 S. 
S. V 
01 
14- . . 
LLJ i 
OJ 
-t-i 
OJ 
in 
CU 
OJ 
CU 
+ i 
r~l 
CU 
T - i 
•fj 
CU 
• r - { 
r~T 
O 
• w ' 
t i 
o 
1 - : 
? 
• '^ 
* i 
n 
CU 
CU 
+ i 
^^ 
o 
CU 
' w ' 
+ i 
M 
> 
1 I 
UJ 
-^•i 
CU 
in 
OJ 
!7l 
•r-l 
•i- i 
N 
S 
OJ 
t 
• ^ 1 
o 
OJ 
ro 
r - i 
+ i 
OJ 
Oi 
T - ! 
•^ 
-i-i 
£Ti 
U3 
OJ 
• w -
->-! 
in 
CU 
T - i 
+ i 
• 0 
OJ 
:^u 
:.U 
• r i 
N 
W 
1 — C 
U^ 
+i 
OJ 
ro 
• ^ ^ 
T i 
ro 
ro 
-4-
r-i 
+ i 
ro 
ro 
0! 
i.U 
*^ 
4-1 
UJ 
u3 
OJ 
• w ' 
t - i 
U j 
: 1 
' — • • 
- i 
1 - ^ 
n 
4-
:U 
- 1 
U 
o 
OJ 
' w -
• ! - ! 
a! 
• i - i 
i j 
-r-J 
^' 
+ j 
03 
t 
•5-
ro 
f i i 
I I 
4-i -fi i-i i-i +i +! +i i-i i-i i - i+l i-l i-i 4-i i-i i-i i-i +1 i-l i-i * i 
N i j J o r ^ r o £ r ! - r ^ u 2 r o o j O i J ; r o N f o r o i ^ r o a ! N c n 
kO Ul r-i -rH h- -< OJ u3 \n i l l -< uT ii3 ^ 'n CO uj 03 U'i ro ro 
m 
-ri t i f i 
N <f ro o ro ro o cn 
OJ ro ro ^  ro ro -rH OJ 
o -^  ro o -r-i <" oj o cn ki3 0^ 
CU OJ i:u OJ OJ ro OJ ro ro ^- cu 
t-i u j rv I 01 
. . . I 
CO hi O i 
O -^ sf I 
lii -^ o cn ro w u: i^ iii N f^ >:u !T-' UJ in 03 o ro cu o 
ro ro cu cu T-H -w o "^ o o o •'-^  o o -^j T-I OJ ••-i •'-i -^ i n f cu ! 
1 
i - p 
i (0 
1 ^ 
i 0 
1 i-i i-i + i i-i i-i 
OJ ^ ro CD in 
ro <i- OJ CO OJ 
+ 1 +! +! i-i i - i i -|N. f'1 jT! s j - -.-I -4-
cu lii iii n oj 0 
+i i-i 
••£ r o 
i j j , ^ 
i-i 
cn 
in 
4-1 + i i-i + 
ro OJ cn -< 
UT OJ r^  U3 
+ 1 i-i i-i +1 
r^  OJ <}• CO 
UJ U l CQ N 
s » 
+ i i-i 
•w 03 
iTi 0 
i n 
1 • 
! OJ 
I in 
1—i 
V 
I 
i 
4- I 
>»- 0 I 
0 1 
0) i 
4J -P I 
u m I 
01 " ^ 1' 
H- 0 I 
•*- in I 
i 
I 
CO I 
U3 I 
• I 
<r I 
" \ 
01 I 
rt I 
XI I 
T - i U l O J C n i n i O O J u J O m ^ N O N C n c n r o O N a i v f 
ro iO ro o 10 10 '-I cu ro oj oj cu oj oj cu oj ro ro ^ ro <f 
iB 
Dl 
(5 
cn CD r-i 
O ^ <t 
u 
0 ! U) 
IB 
cn 
m 
12/ 
s: 
Q 
UJ 
I ^ 
i 2 
I m 
I TJ 
I C 
I :U 
rd i . .-< - p fd cn 
L CTi a,' 
0 iTi S 
or 
ui 0 
^ ^ 0 - p in 
X 01 x : a iTi 
0 r-i a. 01 
Oi 
- p 
0 Q 
-P E 
Oi 
c . aj ro • 
cn 
ro 
10 
z 
u 
i - 5. Q. 
ns iij 
0 1 4 . 0 1 
03 
I'D <n 
Ci [J! 
ra 
cn 
m 
i 
or ! 
m i 
0 I 
I 
X 
cO 
rn 
s-
r. 
-p 
in 
d 
r (II 
-p a c 
C lO 'L 111 
>, r-.' 0 £ 
Ul —1 
C lU 0 
0 Ul •;. 
u) 0 21 
u u 
in 
m a; u 
cr m ul -p 
IT) i . C X 
0! Ul tU 
X I 0 
C i . 
x - p 
Ul L 
0 ro 
in X 0 ni 
r-i rd 
m 
c 
i -P i! Jl !? '^ H 
0 —I C Ul -P -P (J 
ill i l l •'-I ili !"i i"i -H 
c o u r j u j t D i z i i T v ; v ; ; ^ _ ! ^ 5 - 2 : i i d Q : 
ns 
a j i 
q u 
"c m 
CO 
!ii I 
T3 I 
-P I 
0 I 
i. <n 1 
ITi S. I 
cn 4J I 
lO -P X I 
CJ 01 I 
i. m i 
QJ i . y - I 
•p - p t i ! 
Hi X 0! I 
2 ai - ' I 
+-• / 
l i ! ^ ••S I 
a -< Qi 1 
Ili 0 JZ I 
; - r j i 3 \ 
in 
iOJ I 
ro ( 
a 
6 
i U 
I i . 
! ^ 
i T3 
! r 
i 5 
I -g 
I i -
I I'D 
' -P 
I CO 
1 ro 
i £ 
I UJ 
i ifi 
I +! 
I X 
f 
8 1 
•8 
1 
••5 
t 
g 
• • 4 I 
tt 
1 
1 
o 1 
i 
c 
^ 
t . 
• u 1 
«*-X -
<fe 
o 
"tJ 
!t 
U l 
• 
3 
*— 
S 
u 
»|H 
4 * 
«£> 
• b . 
o 
, ca 
ci 
5 » 
1 
H I 
^ • 9 
s 
• f 
fl) 
o U l 
~ 
A. 
*' <n 
'^ o 
in 
»-^  
-• 
t—1 
A, 
•ti 
m 
1—•• 
1 
o 
§ 
3 
1 
cn 
« 
* 
"Z 
u i: 
i ••-< 
m 
en 
•5 
•—< 
8 ^
g 
••^  - * 
Of 
"3 
en 
•s 
^ • 4 
0 1 
y 
I E 
§ 
• •H 
o 
Q . cn 
z 
H H 
a i 
U 
3 
o 
o 
8 
d 
-^ 
i 
.5 
" " • 
' ^ 
• 
c 
r 
^ 
c 
• • ' 
? 
c 
• P i 
?^ g j 
c 
•^ 
-^ H* E 
C 
*^ 
§ O 
•S 
• 
? 
c 
— • 
f: 
•ipi 
r* 
Wi4 
tn 
?. 
^ 
^ 
$ 
o 
+ 1 
i^ 
^ 
ec V O 
o 
+ 1 
<j> 
r~ 
12 
+ 1 
i^ 
!2 
~ 
5 
d 
o 
o 
s 
o 
^ 
o 
8 
d 
d 
8 
3 
o 
8 
? . 
8 
d 
8 
?, 
8 
d 
8 
?. 
8 
o 
9! 
Z 
- i 
8 
d 
8 
d 
8 
O 
^^ 
8 
d 
^ 
^^ 
S4 
d 
ro 
d 
+ 1 ro 
O l 
?3 
• 
s 
$ l g 
9i 
^ 
^ + 1 
ro 
« 
s 
3 
d 
+ 1 s 
s 
d 
.-^  
^ 
2 
<» 
d 
8 
d 
8 
d 
8 
8 
d 
8 
% 
8 
d 
8 
? i 
^ 
o 
8 
?. 
8 
_• O 
81 
<^  
8 
d 
8 
o 
•iMh 
8 
-^^ . 
8 
o 
cO 
if^ 
• « • 
ro 
• • • 
i n 
• • 
C U 
o 
d 
g 
T i d 
S 
• * 
r^ 
o 
S' 
u> 
S^  
ro 
d 
• t - i 
2 
S^  
w 
.^i<k 
^. 
d 
( U 
o 
d 
T 
o 
^ 
d 
d 
8 
• ^ 
(0 
o 
d 
-^ 
^ 2 
cu 
r>. 
cu 
cu 
1 ^ 
?. 
s 
ro 
2 
•"^ 
s 
2 
j , ^ 
• 
2 
s 
ro 
o 
( U 
s 
?'.g 
Ji? 
? 
o 
+ 1 
us 
so 
&^ ' 
r— 
o 
d 
g 
d 
CXJ 
+ 1 O 
- « • 
ro 
U 3 
8 
d 
o 
cu 
+ 1 O 
ro . 
o 
+ 
— 1 
ro 
C U 
.^ o 
vn 
d 
$ 
i > -
s 
r^ 
r^ 
• M 4 
?. 
C U 
, C O 
•* 
cu 
§ 
d 
d 
s 
d 
?.s 
s 
0 0 
O l 
£ 
d 
.^-
ro 
^ 1 
d 
O l 
cu ,-
? i 8 
ro 
• f l -
2 
!P 
d 
i » -
?.g 
t^ 
( U 
w m 
o 
2 
+ 1 O 
o 
« 
d 
• • •1 
o 
r>-
o 
* • « 
o 
2 
c^ 
s 
d 
d 
eo i-
• * • 
d 
o 
d 
ro 
cu 
i 
o 
"^ 
d 
1 ^ . 
V O 
C O 
i n 
d 
o 
M 
•f - l O 
C D 
OO 
g 
y 
s 
^ 
s; 
• 
^ 
fSj 
i n 
d S 
+ 1 O 8 
» 
g 
T i 
U O 
r~ 
^ 
ro 
•*• 
d + 1 
ro O 
8 
2 
d 
ro 
ro 
8 
o 
g 
d 
O l 
i n 
d 
^ 
o 
d 
1 
^ 
s 
_ J 
o 
d 
vO 
t»-
cu 
r^ 
»^  
s 
cu 
cri 
?. 
s 
cu 
, 
cu 
o 
ro 
0 1 
d 
" ' • ' 
ro 
d 
d 
cu 
d 
eo 
C U 
d 
d 
» 
?.i U 3 
• « • 
i n 
O l 
r— 
d 
2 
i^ 
ro 
• « • 
, o 
+ 1 
ro 
i n 
!£? 
?, 
8 
m 
o 
2 
d 
^^  
( U 
o 
d 
d 
^ 
o 
o 
•g 
s 
-•* 
§ 
0 1 
.a 
r g 
1 — 
CO 
?1 
2 
+\ cu 
S en 
o 
&! 8 2 
o o -
•-* S E* 
vo o f~ 
• • _? 
^ ^ ^ 
o o 
o 
+1 
^ o 
s s 
ii 
gs 
o 
S 5 
S i2 
« • 
en o 
s 
cu — 
en 
c 
u 
01 
j Q 
ffi 
o o +1 O 
ro . 
p~ o 
o ro 
+1 O 
s 
o — 
• QJ o o 
!G2 
in 
ro 
8 2 
o -^ 
O O ^ • 
ro o 
S o 
cu 
cu -~ 
o o 
r- — 
ii 
8 2 
Si 
8 2 
o 
?.8 
8 o 
8 
8 o 
S S 
in 
o o 
+' _; oo o cu —• 
en 
o ro 
+1 O 
< ^ _• 
CU O 
o o 
+1 O 
o . 
o o 
+1 O 
ro 
•"" S in 
cu 
en 
«*« .««. 
. cu 
o -< 
+ ' _r 
ro o 
o — 
ro 
en 
d o i 
—> o 
-a- — 
+1 O 
—• o 
d 
§ s 
?. s 
I U3 
HI in 
o 
o o 
ro O CU — 
^ 2 
o — 
+1 • « 
ro o 
o — 
o o 
8 2 
d 
•o o 
+1 . 
ro o 
•n — 
ii 
o — 
-« ro 
o • ixi o 
5 
o * 
+1 . 
o o 
o — 
d —> 
+ 1 O 
ro o 
O r ; 
+1 O U3 • 
CD O 
s 
o 
d 3 
+ 1 O 
•JO " 
t8 
o • 
r- o 
01 
cu 
o —' 
+1 • 
— o in —• 
o o 
u 
Hi 
1 en 
I 0 0 
1 ' ^ ^ 
1 ffi 
m 
•XI 
o 
•+-I 
o 
tr> 
U3 
• 
ro 
m 1 
1 O 
+ 1 
i n IJ3 
f— 
in 
o 1 -t-i 
o 
• CO 
(\1 
ir> 
o 
+ 1 
UD 
OD 
cr> O 
o 
s 
o 
**^  o 
o 
i n 
o 
o 
•*> 
•»-I 
Li 
l~-
r~-
o 
1— 
o 
o 
o 
~ 
— » 
•4-1 O 
•a-
i n 
*^  
+ 1 
•JO 
8 
c^ 
+ 1 
S 
"^ 
IXI 
c>. 
* ' CO 
Co 
o 
in 
o 
o 
,^  
sy 
« o 
vXl 
CS 
o 
r— 
o 
OJ 
VJO 
o n 
+ 1 O 
o 
OJ 
CO 
i n 
o 
o 
m 
+ 1 O 
o i n 
i n 
CO 
CO 
+ 1 UD 
ro 
• 
•^  ro 
CO 
ro 
O 
• 
•o 
r~-
o 
B 
o 
cu 
+ 1 O 
^ 
f^  
o 
( 
I 
1X1 
r-3 
o 
cu 
o 
o 
-t-i 
K 
"^  
i n 
o 
<£ + 1 
ro 
o 
c5 + 1 OJ 
OJ 
—^ 
s c> 
+ 1 
»^». 1-0 
"o 
•4-> 
c 
m 
o 
o 
i 
o 
— 
• 
o 
^ 
« • 
O l 
^^  
*^  
o 
ro 
ro 
o 
+ 1 
ro 
ro 
r— 
m 
• « • 
o . 
+ t 
ro 
r^  
w * ( 
- « • 
o 
+ 1 
o 
-a-K 
r -
o 
ro 
<3 
+ 1 
s 
r>. 
ro 
o 
o 
^ i > 
s 
o 
s 
o 
(^  «s 
o 
o 
o 
o 
s 
g 
o 
+ 1 
8 
o 
o 
o 
4-1 
o 
o 
g 
o . 
+ 1 
8 
o 
8 
o 
+ 1 
<^ o 
o 
1 
o 
i 
o 
8 
o 
i o 
.^  
8 
o 
s o 
s 
^ f ^ 
V B 4 
r^ 
o 
- « • 
« ^ - 1 
s 
o 
CO 
r^ 
a 
•r^ 
R 
o 
•<r 
-9-
« - i 
s 
o 
o 
OJ 
ao 
cr> 
c5 
O i 
• s 
• v ^ 
s 
o 
!!5 
B 
OJ 
ro 
r~ • 
CJ 
- * • 
en 
^ 
O 
o 
5_ 
2 
1. 
at 
t 3 
1. 
nj 
•a 
c 
m 
4<> 
O l 
+ 1 
c IB 
i 
I 
g 
-** ro 
••-• &. •o 
> 
t«-
£ 
1 ^ 
-^r 8 
. • * 
ff 
»! J 
L u 
in 
•5 
£ 
S. 
c 
in 
a/ 
.1 
1 
U} 
01 
4^ 
•n U 
• •-» 
Q. 
OJ 
c 
i. 
s 
•fe 
e fC 
S 
t m 
s 
t 
174 
and lactose. 
By and large, both mycelial growth and sporulation were 
highest in isolates of category I and least IV. 
4.6.7- Di-ffei-ent ir>itt"ogen soui~ces 
The growth and sporulation of different isolates of ft. 
t r i t i c i na in medium with different nitrogen sources varied with 
the sources used (Tables- 4.70. and 4.71.). There was significant 
increase in growth of all the four isolates of the fungus over 
control in the media with all the nitrogen sources except, in L-
Cytsein hydrochloride, L-Cystine, DL-Valine and L-Hydroxy proline 
where it was less than the control and DL-2 ftminobutyric acid 
where the growth of isolates of the categories II and III was 
equal to control. While, in Ammonium chloride, Ammonium nitrate 
and Magnesium nitrate the growth of all the four isolates was less 
than the control. Highest growth of category I, III and IV of the 
fungus was obtained in the medium containing L-Glutamic acid 
and that of the isolate of category II in L -Proline in amongst 
the organic sources of nitrogen tried. While, in amongst the 
inorganic sources tested, the highest growth of all the isolates 
of all the four categoriess of the the fungus was observed in the 
medium containing Potassium nitrate. 
There was no sporulation of all the four isolates of the 
fungus in the medium containing L—Cystine, L-Cystein 
hydrochloride, DL- Valine, DL-B- Phenyl alanine and DL- Methionine. 
There was also no sporulation in media containing DL—Threonine of 
category III of the fungus. The sporulation in all the four 
isolates of the fungus was less than control in the 
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medium containing DL-S Omino-n-butyric acid, L-Tyrosine, DL-
Serine, L-Leucine, L-Hydroxy proline separately.The sporulation in 
category I was less than control in medium containing DL-
Tryptophan. Highest sporulation of categories I, II and III of the 
fungus was observed in the medium containing L-Glutamic acid, L-
ftspartic acid and in isolates of category IV in L-flspartic acid. 
In amongst inorganic sources of nitrogen, there was no 
sporulation of all the four categories of isolates of the fungus 
in the medium containing flmmoniurn chloride. There was also no 
sporulation in media containing Ammonium nitrate and Sodium 
nitrate of category III and fimmonium nitrate of category IV of the 
fungus. The sporulation in all the isolates of all the four 
categories of the fungus was less than control in the medium 
containing fimmonium oxalate and Magnesium nitrate separately and 
of categories I and II in Sodium nitrate and ftmmonium nitrate 
containirig media. Highest sporulation of all the isolates of the 
four categories of the fungus was observed in the medium 
containing Potassium nitrate. 
A.6.S. Different sulphur sources 
There was significant increase in growth of all the 
isolates of the four categories of the fungus in the medium 
containirig different sulphur compounds, except in Copper sulphate, 
Ferrous sulphate, Ommonium sulphate and Calcium sulphate where 
there was decrease in growth (Table- 4.7£.). No significant 
difference in growth of the fungus over control was obtained in the 
medium containing Zinc su1phate.Highest mycelial growth was noticed 
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in the medium containirig Potassium sulphate. 
There was no sporulation in all the four categories of the 
fungus in the medium containing Ferrous sulphate, sporulatiori was 
poor ( less than control ) in the isolates of all the categories 
in the medium containing Copper sulphate, Zinc sulphate, 
Sodiumsulphate. Potassium sulphate, Ammonium sulphate and in 
Calcium sulphate. Highest sporulation in the isolates of all the 
categories was observed in the medium containing Magnesium 
sulphate. However, the sporulation in the medium containing 
Magnesium sulphate was non-significant statistically over 
control. 
4.6.9. Di-f-fer^ ent phosphorus sources 
ft significant increase in mycelial growth and sporulation 
over control was observed in medium containing different sources 
of phosphorus < Table—4.73. ) . Highest growth and sporulation of 
the fungus (in all the isolates of all the four categoriess) was 
recorded in the medium containing Monobasic potassium phosphate 
and least in the medium containing ftmmonium phosphate. 
4.£.10. Vitamins and growth regulators 
A significant increase in growth of the fungus (in all 
the isolates of all the four categories) was observed in the 
medium containing Thiamine, Biotin, Riboflavin and Insitol (Table-
4.74.). Pyridoxal phosphate, Nicotonic acid and ftscorbic acid did 
not support the growth as the growth was less than control. 
Similar trend was obtained with the sporulation. Highest growth 
in all the isolates of all the four categories was observed in the 
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medium containirig Biotine and sporulation in the medium containing 
Thiamine. The growth promoting substances did not support both 
growth and sporulation. 
fill the isolates of four different categories behaved 
similarly under various temperature, relative humidity, 
nutritional requirement etc., excepting variation in amount of 
mycelium, therefore the isolate of category I has been used 
hereafter. 
4;7. Scr*eening of wheat cultivars against A. tyiticina 
None of the cultivars tested was found immune against fl. 
triticina (Table-4.75.). Of those tested, three cultivars 
exhibited resistant reaction, eighteen cultivars moderately 
resistant, thirteen cultivars moderately susceptible. NP-Q46 was 
found highly susceptibe but since the seeds of this cultivar were 
not available in enough quantity to carry out the rest of 
experimental trials for analysis of amino acids, sugars etc. 
Therefore, one resistant cultivar, ML-Sl and one susceptible 
cultivar, HD-S009 were used. 
4.8. Effect of stage of wheat plants at the time of 
inoculation on development of disease caused by A. 
triticina 
There was no infection of fl. trit icina in the seedlings at 
the stage 4 both in resistant and susceptible cultivars (Table-
4.76.). The onset of infection of Q.. trit icina in susceptible 
cultivar was at stage 5 with 13 per cent infection. The infection 
increased with increase in the stage of plant in susceptible 
cultivars, attaining 100 per cent infection at stage 10. There has 
been no infection in leaves of resistant cultivar at any stage 
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upto 10. 5. 4. 
The inoculat ioris were also made on inflorescence and 
watery ripe, milky ripe and rnealy ripe kernels at growth stages 
10.5.1. to 11.2. The grains were deformed, shrivelled and 
were small in size and light in weight. The formation of seed was 
completely checked when inoculated at growth stages 10.5.1. to 
10.5.3. In inoculation at growth stages 10.5.4. to ll.£, the 
shrivelled grains were formed indicating brown to black points on 
the surface. This confirms the observations made in trial 4.A. 3. 
where black tipped seeds yielded ft. triticina. 
Small specks appeared too on the leaves of resistant 
cultivar ML-61 at growth stages starting from 5 to 11.2., but 
these specks failed to develop further. However, when the 
inoculation was made in inflorescence at growth stages 10.5.1. to 
ll.S, the grains with typical symptoms of ft. trit icina were 
formed. 
Thus, it appears that the most vulnerable growth stage was 
10th (boot stage) where all the leaves (fv^ om flag to bottom) were 
found infected. The symptoms on lower leaves of the plant appeared 
at growth stage 5 which increased with an increase in growth 
stages. When plants were inoculated at watery ripe, milky ripe and 
mealy ripe kernel stages, the grains were deformed and shrivelled 
but inoculation of plants at inflorescence stage resulted in 
failure of grains. 
4-9. Effect of duration of incubation at lOO per cent, 
relative humidity on development of ft. triticina 
No development of leaf blight symptoms was observed as a 
179 
result of inoculation of plants with 0. trit icina upto 7S h after 
incubation on resistant cultivar (Table-4-77. ). There has been no 
development of symptoms where plants of susceptible cultivar were 
incubated at 100 per cent relative humidity upto £4 h. Initiation 
of symptoms took place when plants were incubated for 36 h. 
With an increase in incubation period there has been 
increase in the incidence of the disease. 
4.10. Studies on changes in amino acids and sugars in plants 
(resistant and susceptible) as a result of infection 
with fi. tri-bicina 
A.10.1. Amino acid contents 
4.10.1.1. Qualitative analysis of amino acids in healthy and 
inoculated leaves of resistant and susceptible cultivars 
The data recorded on qualitative analysis of amino acids in 
healthy and inoculated leaves of susceptible (HD—2009) ar\d 
resistant (ML-61) cultivars at boot stage are presented in Table-
4.78. It is clear from the table that there is no material 
difference in the amino acid contents of healthy and inoculated 
leaves of both the cultivars. However, asparagine, cysteine, 
cystine, hydroproline, methionine and serine were not detected in 
inoculated leaves of susceptible cultivar, though their presence 
is noticed in the resistant cultivar. Similarly, agginine, 
histidine and lysine were not detected in the cultivar ML-61 but 
present in the cultivar HD-eOOS. 
A.10.1.2. Quantitative analysis of free amino acid in susceptible 
and resistant cultivars 
fts a result of inoculation, the concentration of free amino 
acids like glutamic acid, glycine, serine and tyrosine decreased 
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in susceptible cultivar HD—£003, whereas, the coricentrat iori of 
other amino acids increased (Table- 4.73.). However, in resistant 
cultivar ML-61 the concentration of cysteine and cystine decreased 
while, that of the rest of the amino acids increased. Cysteine, 
cystine, lysine and methionine were present in the resistant 
cultivar but absent in the susceptible cultivar. ft higher 
concentration of aspartic acid, cysteine, cystine, leucine, 
tryptophane and tyrosine was recorded in healthy leaves of 
resistant cultivar as compared to susceptible cultivar whereas, 
amino butyric acid, glutamic acid, glycine, serine and 
unidentified I were recorded in healthy leaves of susceptible 
cultivar when compared with the resistant cultivar. 
4.lO.1.3. Quantitative analysis of protein bound amino acid in 
susceptible and resistant cultivates 
In both the resistant and susceptible cultivars the 
concentration of protein bound amino acids was higher in the 
infected leaves as compared to healthy leaves, except glumatic 
acid (Table-4. 80. ). filthough, these amino acids were also present 
in the infected leaves of susceptible cultivar but their 
concentration was less (except aspar^tic acid) as compared to the 
infected leaves of the resistant cultivar. ftmong the various 
protein bound amino acids, the concentration of phenyl alanine, 
tryptophan and tyrosine was high in the infected leaves of the 
resistant cultivar than the that of susceptible cultivar. The 
sulphur containing amino acids (cystine, cysteine and methionine) 
were detected in higher amount in the resistant cultivar but in 
susceptible cultivar they were either absent or 
c 
0 ul 
-p 
C 
IB 
C 
• H 
U 
•rt 
-P 
•rt 
i-
+> 
Qi 
+> C 
0 
u 
( • ^ 
-p 
r 
•1 
1 rt 
CCl 01 
3 
r 
•p >*-
•H m 
3 OJ 
i H 
in 
•p r 
c in 
Hi OJ 
r-t 1. 
a.4-
QJ >4-
J : 0 
-p 
Ol 
a i \ 
C Dl 
•H 3 
•p ^ 
ni 
M TJ 
3 H 
u u 
0 IB 
c 
•H 0 
c 
M- H 
0 E 
m 
4J 
ri m 
Qj m 
H- i. 
"+- >+-
u 
oi 
N 
•4-
I I 
m r-( 
Xi 
n) h 
in 
j -(D 
> 
•H 
4J 
r i 
3 
U 
Oi 
rH 
XI 
• r l 
•P 
a 
01 
u in 
3 
in 
TD 
c. Hi 
•P 
c us 
4J 
in 
•rt 
in 
01 
S-
"•-
0 
o 
I 
-J 
G 
01 
>, 
i : 
!Ti 
lli 
I 
HI 
>, 
j r 
-p 
I—i 
no 
HI 
a 
OJ 
h-
in 
m 
CD 
W 
in 
m 
u 
"Ti ro m OJ 
O CD li'J O O O O DT 
IJT 01 hi (Ti 01 Q-J 
CU cili <r -^ - t -^ 
r^ i 
in 
01 
O en 0 cri liT 
UT iXI ro T-4 rO 
i- OJ 
i;i 
01 
a iXi 
j ~ 
en o in o 
1 ^ 
CO 
OJ 
<r 10 
• i - t 
OJ 
Ll'J 
133 
i -
OJ 
03 o •r^  uD en w cn o r'O 
h- M rH TH TH tt iTl ^ 
OJ ^ iB IJT 10 
- t liT u3 Ol O llT O 111 O 
h- r- OJ Ul <J- 01 TH -4- N 
tH iH iH ij"] r~~ -^ ro •>- ' O J 
O J 
iD 
OJ lO CO • ^ IJD CD IJD 
O n M OJ 111 -4-
in 
QJ 
u 
ro OJ UT T-i OJ -4-
U 3 <!• UD 
t-i iB 
TD 
• H 
(J 
a 
u 
>-
• H 
3 
1 01 
1 C 
1 -H 
1 C 
1 fC 
1 •—1 
1 CI 
u 
IB 
X) 
•rt U 
CO S . 
>, fll U -P 
>I H D 
•H 4J. J3 
c ;L 0 
•rt ro C 
Dl a H 
i . 1/1 E 
CI CI cr 
01 
C 01 
•H V 
QJ H 
-p -p 
in ul 
>, >. 
u u 
TJ 
• r t 
u 
CD 
D 
• H 
£ 
iB 
-P 
^ 
1—1 
rjD 
flj 
•>. dJ -rt 
C XI 
• H - r t 
U 4^ 
>. Ifl 
•-I -ri 
tH I 
0! 
c 
• H 
0 
~i 
01 
i -H 
u 
Ul 
f - * 
QJ 
i i . 
• H 
(J 
V 
OJ 
_J 
OJ 
i-
•rt 
-^flj 0 
i- H 
•H x: 
tn +> 
>, 0! 
_J E 
01 
.^ 
• H 
i-
OJ 
cn 
c 
05 
r Q. 
u 
+^  
a 
>, 
f-
H 
01 
%-
• H 
Ul 
11 
A-
>, 
l — 
01 
i-
• H 
1—1 
Hi 
!> 
1—1 1—i 
1—i 1—1 1—1 
X) -D " • 
01 Qj (U 
• t-: -1-1 - H 
' 4 - i - i - M -
• r i H - r t 
+••• 4-> - P 
s: C s: 
Oi 01 Oi 
X ] TJ T3 
• H •!-* - H 
1^  C C 
D D D 
c i » ^ * 
0 ^ 
r 
to 
c 
•H 
u 
• H 
•p 
•H 
s. 
+5 
•1 
•H in 
01 Su 
I to 
> 
I*- 'H 
IT) 4> 
m i-H 
rH 3 
u 
•.r d l Ul 01 
01 r-l 
r i. 13 
•P *t- 'H 
• H 4 > 
3 >4- a 
0 OJ 
in u 
•p a i in 
C N, 3 
rs oi in 
r-\ 3 
a- - - Ti 
c 0) "D dJ 
r -rt 
•p (J -p 
(0 C 
en to 
C 0 4J 
•H c in 
+) -rt 'H 
to E in 
M (5 Qj 
3 iu 
U 13 
0 C i^-
C 3 0 
•rt 0 
XI in 
"+- +> 0 C C 
•rt QJ 
•p m 4) 
U 4J C 
0) 0 0 
•^ J. U 
•+- a 
u 
o 
CD 
<r 
•• 
QJ 
1-1 
J3 
ifl 
h 
1 
1 
1 
1 
1 
1 
! 
cn 1 
O 1 
O 1 
Oj 1 
i 1 
Q 1 
I 1 
u 
rO 
> 
• H 
4 ^ 
r H 
3 
u 
T - ( 
I D 
1 
_J 
E 
< 
OS 
> 
• 1 - 1 
-p 
r - < 
21 
r j 
V 1 
Ul 1 
+^ i 
I'D 1 
r-l 1 
^ j 
U 1 
0 i 
C ! 
I—" i 
>, 
r I 
-p 
•-1 
n Oi 
I 
01 
-p 
m 
- H 
3 
a 
1 0 
c 
1 >-i 
1 
1 
1 
1 > , 
1 r 
1 -P 
1 r~, 
1 m 
1 QJ 
1 X 
1 
1 
•a 
• H 
CI 
a 
0 
c 
• r - l 
5 
in 
•^ O iTi N !Ti fO M -r-l r j i U UT <f OJ V'l O iS t i l iTi r-
••-1 T-l f--. -rH -rH -.H -4- iTJ O ll"J M OJ M •.^ -CT -rH T-! 
5u "-I i H -rH 
h-
in 
OJ in 
fij f- l f-^  ^ ^ IJ3 (J |-~^  f l j y j r-,-3 ^ O 1)1 TH -r-i 03 I j l 
1. T^ Oi OJ Ul r-i n rH ^ 4-
h- , i -
r— 
o o \n o o Ul o o 111 1/1 o o o o UD O O O O O (Ti iTi uJ Ul ijD OJ OJ Ul OJ iTi <(• CTi Ul f ' l O Ul O 
rH ^^ KJ OJ 1.J] l i l l i l r'! '-^ OJ h- M OJ -^ f OJ -f 
T-i •r^ •4' 
OJ O Ul 01 o O IJl >JD Ul CO Ijl O O Ul O i l l O 
1 n o OJ (-'i o o Ul o -t OJ •-< Ul Ul o ixi o o o ui 
•^ f ' l OJ -^ -r-l OJ f' l <r i j i -^ OJ 
1 1—' 
1 I-H 1—1 
1 1-t H 1-i 
1 X) -a 
1 H -rt Hi TD T3 T3 
1 U a i : 01 dj HI 
1 (0 (15 111 'H j : .pj -H -rt 
1 dJ C C iB 14- U- '4-
1 (U U (l! (J C H i - * Qj j r Hi r i H H 
l a i C H c m - H i i i H i i i Cos c a c 4J-P+> 
1 C --l -P rH i . E C T3 C OJ 0 •-< 01 r-i 0 H m i : C C 
1 -H c L Qj -H ni H ri -H c -H X i: 1- +1 in c flj Qi Qi 1 c ••-< tc -p -p -p u -p ci .H x: c H 0 0. 0 H xj XI T3 
1 m •! a Ul in 3 >, in r. in +> Q) i. Qj >, iu ^ H H H 
1 -) i. u) >•, > , " rH -rt Hi >, 01 jr ai r I- >i I'd v c c 1 a : a a : o u c D f X ) i - j _ J E a i j i i - i - i - > D D D 
lai 
present in small amounts. 
4. lO. S. Suga*" contents 
4.10.2-1- Qualitative analysis of sugar in healthy and inoculated 
leaves of susceptible and resistant cultivars 
The distribution of various sugars in health and inoculated 
leaves and in all the position of leaves in resistant and 
susceptible cultivars of wheat was determined analysed at boot 
stage (Tables- 4.81. and 4.8S.). It is evident from the table 
that glucose, fructose, sucrose and xylose were detected in 
healthy and inoculated leaves of both the cultivars and also from 
the leaves in all the position at boot stage. Thus, there was no 
qualitative difference was as far as sugar is concerned. 
4.10.2.2. Quantitative analysis in reducing, non—reducing and 
total sugar contents in healthy and inoculated leaves of 
sustreptible and resistant cultivars 
It has been reported that sugar content of plants 
influenced the v^esistance and suscept ibi Ity of plants. TherefoY^e, 
in the present study besides ML-61 and HD—2009 other resistant and 
susceptible cultivars grown in the area, were tested for changes 
in sugar content as a result of inocultaion with Q. triticina. 
It is evident from the Tables-4.S3.-4.85. that 
concentration of reducing sugar was significantly more than non-
reducing sugar in healthy and inoculated leaves of all the 
resistant and susceptible cultivars. However, it was more in 
resistant than in susceptible cultivars. ft similar trend is also 
noticed for non-reducing sugar and total sugar content in the 
leaves of other resistant and susceptible cultivars. The content 
of non-reducing sugar of top or flag leaves was more than the 
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4.11. Effect of diffei-ent fungicides and plant products 
incorporated in the medium on growth of ft. triticina 
Before attempting to study the effect of antibiotics, 
fungicides and plant products on the development of disease a 
preliminary screening of these was done by determining their 
effect on growth of the fungus. There has been increase in the 
inhibition in growth of the fungus with increase in the 
concentration of the compound or plant products incorporated in 
the media (Tables- 4.86. - 4.88.). 
4.11.1. Antibiotics 
There was no inhibition in the growth of the fungus in 
10 p.p.m. of Procain Penicillin and ftmplicillin. In the medium 
containing remaining antibiotics the inhibition in growth was 
poor (Table-4. 86. ). 
Highest inhibition in growth of the fungus was observed at 
£000 p.p.m. concentration in the medium containing flureofungin, 
followed by Steptocycline. 
The least inhibition in the medium containing 3000 p.p.m. 
of different antibiotics was observed in the medium containing 
Bentamycin and ftmplicillin. 
4.11.2. Fungicides 
There has been no inhibition in growth of the fungus in the 
medium containing 10 p.p.m. of the Benlate, Dithane 2-78, Blitox 
and Fytolan separately (Table-4.87.). 
Highest inhibition in growth of the fungus, in the medium 
containing 3000 p. p.m. concentration of the fungicides, was in 
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Delton and least in Dithane S-31 and Thiabendazole. 
In the medium containing Delton, 100 per cent inhibition in 
growth of the fungus was observed even at 1000 p.p.m. 
concentration. Thus, it may be considered as the most effective 
fungicide inhibiting the growth of the fungus. 
4.11.3. Plant products 
The inhibition in growth of ft. triticina was dose dependent 
as it is evident from proportionate increase with increasing 
concentration of plant products in the medium (Table 4.88). The 
highest inhibition in growth of the fungus was recorded in the 
media containing lOO per cent concentration of latex of Calotropis 
prc'cer^a followed by Xanthium strumarium. Cuscuta ref lexa, 
Eucalypt us globulus. Euphorbia pulcherrima, Cymbopoqan flexuosus, 
flzadirachta indica, Taqets erect a. Ner i um indicum, Qc i rn uw sanctum, 
Convolvolus arvensis. Cannabis sativa, flbrus precatori us. 
Chenopodium album. Qxalis corniculata. Crot on bonp1and i an um and 
Ricinus communis. 
It appears that in amongst the antibiotics, aureofungin and 
in amongst the fungicides the delton were most effective in 
reducing the growth of the fungus. Similarly, the extract of C. 
procera was most effective in reducing the growth. Therefore, in 
seed treatment and spraying studies for controlling the Q. 
trit icina. these were used. 
A. 12. Effect of fungicides and plant p»»oducts as seed 
treatment followed by sprays on development of leaf 
blight disease of wheat 
Scheme—I 
The results presented in Table- 4. 89. indicate that all 
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the fungicides reduced the disease intensity when cornpai-^ ed with 
untreated and unsprayed control. However, the minimum per cent 
disease intensity was obtained when 25 days old plant were sprayed 
with different fungicides and 3-post-inoculation spray with an 
interval of 15 days. Of the different fungicides tested treatment 
with Delton reduced the disease intensity considerably followed by 
Curnan, Thirarn and Dithane M-A5. 
Pre-inoculation spray followed by 3 post-inoculation spray 
at an interval of 15 days <i.B. 15-+-15+15 days) was found very 
effective in reducing the disease intensity. 
Scheme II 
As cornapred to £ (one pre and one post inoculation) or 3 
(one pre and two post inoculation) fungicidal sprays at an 
interval of 10 or £1 days, 4 fungicidal sprays (one pre and three 
post inoculation) at an interval of 15 days were found more 
effective in reducing the disease intensity (Table-A.90. ). All the 
four fungicides tested reduced the disease intensity to a varying 
degree. But Delton was found most effective while, Dithane M-45 
was least effective in reducing the disease intensity. 
Schewe-III 
In this scheme of fungicidal treatment four post-
inoculat ion fungicidal sprays with all the four fungicides at Sin 
interval of 10 and 15 days resulted in least disease intensity. 
However, 4 post-inoculation fungicidal sprays at an interval of 10 
days was found most effective in controlling Alternaria blight of 
wheat, as compared to sprays at 15 day intervals. The disease 
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intensity was least in treatment with Delton (Table-4.91.). 
Scheme—IV 
When inoculation of plants was done at boot stage, one pre-
and three post-inoculation fungicidal sprays at intervals of 5, 10 
and 15 days resulted in minimum disease (Table-4.32. ). Among 
four fungicides tested, Dithane M—45 was found most effective in 
reducing leaf blight. 
Scheme-V 
Data recorded on the effect of post—inoculation fungicidal 
spray at different intervals on per cent disease intensity at boot 
stage are summarised in Table -4.93. In general, post inoculation 
sprays with various fungicides viz., Cuman, Delton, Dithane M-45 
and Thiram at different intervals reduced the leaf blight 
significantly. Three post-inoculation fungicidal sprays at B.r) 
interval of 5, 10 and 15 days proved to be best in reducing the 
disease. 
ftmong various schemes (I-V) of sprays tried, five spray 
schedules were selected on the basis of their effectiveness in 
controlling the leaf blight disease of wheat. To determine the 
order of the effectiveness against ft. triticina these spray 
schedules were further analysed. The order of the spray schedules 
based upon effectiveness in reducing disease intensity was spray 
scheme -I> spary scheme-ID spray scheme-IV> spray scheme-Ill) and 
spray scheme —V <Table-4.94.). 
Highest per cent disease control was obtained in scheme-I 
when the seeds were treated with ftureofungin and sprayed once 
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prophylact ical ly befoi^e inoculation followed by three post 
inoculation sprays at an interval of 15 days. In this scheme, the 
effectiveness of fungicides in a descending order was: Delton) 
Curnan) Thirarn) Dithane M—45 (Table-4. 95. ). The percentage disease 
control recorded 87.66 in Delton, 81.66 in Curnan, 81.44 in Thirarn 
and 74. 33 in Dithane M-45. 
On the basis of results presented in Tables 4.89.-4.95., it 
rnay be concluded that Delton (at 0..25C cone.) was found to be most 
effective fungicides when used as one prophylactic spr^ay followed 
by three post-inoculation sprays along with pre—sowing seed 
treatment with O. £ per cent concentration of fiureofungin. 
CHAPTER:V 
DISCUSSION 
Amongst different seed-borne diseases, leaf blight of 
wheat, caused by ftIternaria trit icina is widely prevalent in 
different parts of India. The disease assumed a serious proportion 
in recent years with the introduction of rust resistant 'Kenphad' 
varieties. Although, Uttar Pradesh is one of the largest producers 
of wheat but no systematic work has been carried out on survey of 
and factors affecting the development of disease. With this aim in 
view, the present study was undertaken. 
Association of fungi with seeds from different localities 
and those obtained from G.B.P.U.A.T., Pant Nagar and I.ft.R.I., New 
Delhi has been studied by making dry seed examination, seed 
washing studies and by blotter and agar plate methods. 
The dry seed examination of the seeds from the above 
cultivars indicate the presence of seeds of certain angiosperms, 
while, seed washing studies indicate the association of spores of 
species of Alternaria. Asperqi1lus. Curvularia. Co11etotrichum. 
C1adospor i um, Chaetomium, Fusarium. Neovossia. Phoma. Penici11ium. 
Rhizopus, Sept or i a. Ti 1 let ia, Puccini a. List i lago. Rhizoctonia and 
Sclerot inia (Table-4. l£). Identification of Alternaria alternata, 
A. brassicicola, A. trit icina. A. chrysanthemi. Asperqi1lus 
f lavus, A. ni qer, Curvular i a lunat a. Col letotrichum, demat i um, 
Drechslera sorokiniana. Rh izoctonia so1ani. Sclerot inia 
sclerot iorum, Ti11et ia foet ida and T. caries could be made by 
spore characters. 
i S 
However, for others it was not possible to identify upto species 
level on the basis of spore characters. 
The number of fungi found associated with seeds, howeve'-, 
is more when blotter and agar plate methods (Tables-A'. 13 to 4,-1) 
have been used as compared to seed washings. Of these two methods 
of isolation (blotter and agar plate methods), the number of furzi 
isolated has been more in the former (Table-4. 41 b) . Howeve'-. 
absence of certain fungi viz., fllternaria brassicicola, ^. 
chrysanthemi, C. demat i urn etc. in isolations by using blot ter/acs)^ 
plate methods and their presence in seed washings probacl, 
indicate besides other factors, that these s^r^e slow competitor a-a 
their growth is masked by fast growing fungi. This might be one :f 
the reasons that the fungus could not be reported earlier. On t-e 
other hand, ft. trit icina has been isolated from seeds collecrez: 
from all areas and cultivars except, that of cultivar ML-Sl fri-.i 
Pant Nagar. The agar plate method (Table-4.49) is more suitab.e 
for isolation of this fungus. This is in agreement with t~s 
findings of earlier workers (Prabhu and Prasada, 19&7 and Kurna-
and flrya, 1978). 
flsperqi1lus sydowi. Penici11i urn striatum and Phomopsis 
vexans have been isolated only by agar plate method while. 
Chaetomium indicum.Curvularia catenulata Wort ierella zonar£. 
Myrotheci um roridum and Trichoderma q1a ucum by blotter methoz. 
This is in general agreement that no one medium/method is suitacle 
for isolation of all the fungi associated with seeds (Christense*-. 
1957; Neergaard and Saad, 196£; Parveen, 1983; Sharma, 1992). 
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flssociation of ftcrernoni urn vi t is, Canninqharng 11 a ech inulata, 
ftsperqi1lus clavatus and Nigrospora state of Khuskia oryzae from 
seeds is reported for the first time. 
Treatment of seeds with sodiurn hypochlorite not only 
results in reduction in number of fungi isolated (Tables- 4. lA. to 
4.40.) but also in the improvement in germination of seeds 
(Tables-4. 43. and 4.44.). The latter could, probably, be due to in 
part elimination of certain surface borne fungi responsible for 
adversely affecting the seed germination (Christensen, 1951). The 
frequency of ft. trit icina, on the other hand, in some cases, 
increases as a result of treatment with sodium hypochlorite. It 
appears to be partly due to elimination of surface borne fungi 
unfavourable to ft. trit icina (Christensen and Kaufmann, 1969). 
This also indicates that this fungus is deep seated. This is also 
further corroborated in studies where isolations for ft. trit icina 
have been made from different parts of seeds (Table- 4.5£-). The 
frequency of this fungus was highest from embryo. This is in 
agreement with the findings of Prabhu and Prasada (19&6a, 1967); 
Sokhi (1974) and Raut et_ al. , (1983). Since the fungus has been 
detected in all the components of seeds, it probably indicates 
that infection of plants might have taken place during anthesis as 
suggested by Hyde (1950), Christensen (1951) and Hyde and 
Galleymore (1951). ft high percentage of air dispersal of spores 
has also been noticed (Table-4.59.). However, these results are in 
contradiction to that of Bhomick (1959) who failed to detect the 
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rnyceliurn of ft. trit iciria from the embryo and the eridosperrn in 
wheat seed. 
Members of Deuteromycotina dominate in the isolations made 
for mycofloral studies with highest number of species flsperqi1lus 
(IB) followed by Penici11iurn (13 species), Drechslera (11 
species), Fusari uw (10 species), fliternaria and Curvularia (7 
species each) (Tables-4. 41bJ etc. The frequency of different 
members of Deuteromycotina has also been high; the highest being 
that of fllternaria alternata (6.27+0.46) followed by flsperqi1lus 
flavus (4.46+0.34) and Fusariurn graminearum (2.19+0.28) (Table-
4.42.). The frequency of fungi and the number of fungi a\re 
dependent on the environment, wheat cultivars, methods of 
cultivation and soil and aeromycoflora under which the wheat has 
been grown etc. (Hyde, 1950; Hyde and Galleymore, 1951; Neergaard, 
1977) . The reason for the dominance of members of 
Deuteuromycotina on seed surface of higher is thus understandable. 
The frequency of ft. alternata has been high as compared to 
fl. trit icina but invariably fl. triticina has been isolated from 
all the samples. This is further substantiated in the studies 
dealing with the examination of black tip seeds of wheat where A. 
triticina has also been isolated (Table-4.51.). These results, 
thus support the findings of Dharamvir et_ al. . (196S). 
Highest infection with fl. trit icina has been observed when plaints 
have been incubated at 22. 5^ 'C under saturated atmosphere (Table-
4. 77. ) with no development of disease at 10'"'C and above 30*"'C. 
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Similarly, 100 per cent relative humidity (near saturated) 
at the time of inoculation favours the development of disease. The 
range of temperature and relative humidity (Table-4.65.) which 
favours highest development of disease also favour the growth of 
the fungus i_n vitro (Table-4. 64. ) . These are in conformity with 
the results of Prabhu and Prasada (1966a). This probably explains 
in part the high incidence of disease in areas (Badaun) and years 
(1989-90) (Tables-4. 1 to 4.11) where rainfall has been high 
(Table-3.c:. and Fig. 4.9.) and temperatures were within £0—£5"'C. 
Studies on the age of plants at the time of inoculation 
indicate more infection when plants have been inoculated at boot 
stage (Table-4.76. ). Older leaves have been found heavily 
infected. This is in agreement to the generalisation made by 
Yarwood (1959) that susceptibility to facultative saprophytes 
increased with age of host tissues. However, it is difficult to 
pinpoint the exact probability but the role of sugar content (low) 
in susceptibli1ity can not be ruled out (Baker, 1946). 
filthough, the fungus penetrates through stomata, wounds and 
directly but it has been more through wounds (Table5-4.53. and 
4.54.). This is in contradiction with the observations of earlier 
worker (Kumar et. al_. , 1974) where they reported that penetration 
of the fungus takes place only through stomata. Although the 
fungus survives both on/in seed and on plant debris in soil 
(Tables-4. 55. to 4.58. ), but the longevity of the fungus is more 
in seed than in soil during summer. It is understandable as the 
seed is dry, the fungus can survive for more time in seed as 
compared to soil which is often wet which keeps the fungus in 
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active stage of growth. The active stage is more susceptible to 
urif avourable cond i t i oris (Parveen, 1383) specially dessicat ion. The 
studies on the nutritional requirement of the fungus indicate 
higher growth in the nutrient agar medium (Table-4.68.). 
Amongst different carbon sources tested for growth and 
sporulation of fl. trit icina, fructose supports highest growth 
while, glucose the sporulation (Table-A. 69. ). Poor growth of the 
fungus in medium containing other carbon sources could, in part, 
be due to absence of requisite enzymes necessary for their 
utilization or to their unfavourable effect on metabolism 
(Bilgrami and Verma, 1981). 
By and large, nitrate sources of nitrogen have been found 
superior to ammonium group of compounds both for growth and 
sporulation (Table—4.70.). However, poor sporulation in the 
medium containing sodium nitrate despite the presence of nitrates, 
may in part be due to the adverse effect of the accumulated sodium 
ions (Cochrane, 1958). 
In amongst the organic sources of nitrogen L-glumatic acid 
supports the highest growth and sporulation <Table-4.71.). By and 
large, primary amino acids appear to be better source for growth 
of Q. trit icina than secondary or tertiary amino acids. These 
results, in a way, ar^e not in agreement with those of Kumar and 
Arya (1978) who reported asparagine as best source of nitrogen for 
growth and sporulation of Q- trit icina. This variation in results 
could, however, in part be due to different isolate used in the 
present studies. Poor growth and reproduction in sulphur 
containing amino acids might partially be due to sulphur component 
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in the arnirto acid ivari Ondel, 1966). 
Potassium rnonohydrogen phosphate, in amongst different 
phosphorus sources, has been found most effective in promoting the 
growth and sporulation of the fungus in the present studies 
(Tabel-4. 73. ) . Phosphates together with K ions Ay^e used in 
metabolism directly which could be one of the reasons for better 
growth in amongst different phosphorus ions (Lilly and Barnett, 
1951; Cochrane, 1958; Bilgrami and Verma, 19S1) . 
Similarly, potassium as a component in various sulphur 
containing compounds improves the growth and sporulation (Table-
4.7£.) . These studies do indicate that K ions probably play an 
important role in growth of the fungus (Bilgrami and Verma, 1981). 
The fungus does not appear deficient of vitamins or growth 
hormones, but certainly addition of vitamins or growth hormones in 
the medium improves the growth of the fungus (Table-4. 74. ). This 
is obvious that these substances are required for growth. It may 
be that these a^re not synthesized fully by the fungus. Several 
fungi have been reported as requiring additional vitamins or 
growth substances for better growth (Lilly and Barnett, 1951). 
Continuous darkness supports sporulation of the fungus 
whereas, alternate light and darkness supports highest growth 
(Table-4. 66. ). Light has been reported as inhibitory to 
reproduction (Cochrane, 1958). It is likely that this factor might 
be operating in complete inhibition in continuous light and poor 
reproduction in alternate light and darkness. This is in complete 
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agreement with the obsewat ions made by Prabhu and Prasada <1965) 
in fi. tyjt icina. 
ftlthough, the fungus grows at a wide range of pH of the 
medium but the optimum pH for growth and sporulation ranges 
between 5.0-7.0 (Table-4.67. ). This is thus, in conformity with 
the findings of Ram (1974), Singh and Tyagi <197Sa). 
The amino acid content of leaves of two cultivars i.e. one 
resistant (ML-61) and other susceptible (HD-SOOg) differ both 
qualitatively and quantitatively (Table-4.78. to 4.80.). There has 
been reduction in the number of free amino acids in plants 
inoculated with Q. trit icina (Table-4.79. ). It is understandable 
as infection results in the breakdown of protein and rapid 
utilization of amino acids (s/an findel, 1966). However, there has 
been no material differences in the reduction in the number of 
amino acids as a result of infection in resistant and susceptible 
cult ivars. 
Absence of asparagine, cystine, cysteine, histidine, 
hydroproline and lysine in susceptible cultivar as a result of 
inoculation and their presence in resistant cultivar probably 
indicate that they have some role to play in the resistance of the 
cultivars against ft. trit icina. 
By and large, there has been increase in the concentration 
of free amino acids in plants as a result of inoculation with the 
fungus with more increase in resistant than in susceptible 
cultivar. More increase in concentration of free amino acids in 
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infected plants could be due to more metabolic activity as a 
result of infection (Shaw and Colotelo, 1961) and low increase in 
susceptible plants might in part be due to rapid utilization of 
the amino acids by the pathogen (van ftndel, 1966). There is also 
possibility of the contribution of free amino acid of the pathogen 
origin towards this increase (Bilgrami and Verma, 1981). 
Presence of sulphur amino acid in higher amounts in 
resistant cultivars probably indicate their role in disease 
resistance ivan ftndel, 1966). Similar results have been obtained 
by VijayaKumar and Rao (19a0b) and Reddy (1967). 
There has been no qualitative difference in reducing and 
non—reducing sugars in resistant and susceptible cultivars as a 
result of inoculation with the fungus (Tables-4.81.- 4.82.). But 
quantitative difference have been observed in the two cultivars 
(Tables-4.83. and 4.85.). There has been reduction in the 
concentration of reducing and non-reducing sugars as a result of 
inoculation with more reduction in susceptible cultivar. These 
could in part be due to increase in respiration due to infection 
in which sugars are metabolised (Mahadevan, 1982). This probably 
explains in part the cause of reduction in their concentration in 
infected plants. 
Out of different chemicals tested as seed tr-eatment, 
flureofungin, in amongst the antibiotics and ftgallol, in amongst 
the fungicides, have been very effective in reducing the surface 
mycoflora (Tables 4.45.- 4.46.). Effectiveness of these two 
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chemicals against rnycoflora of seeds have already been shown 
(Thirurnalachar, 1967, 1968; Rahalkar and Neergaard, 1969; 
Dhararnvir and Raychoudhur i, 1958, 1971; Panveen, 19B3; Bhav-rna, 
1992). 
In order to avoid ill-effects of the chemicals, plant 
extracts have been tested <Table-4.47. and 4.48.). filmost extracts 
(including latex) of all the plants have been effective, to a 
varying degree, not only in eliminating several fungi associated 
with wheat seeds but also minimizing the frequency of several 
fungi. The latex of Calotropis. procera has been more effective in 
eliminating large number of fungi and extract of Taqetes erecta 
the least. It is surprising that root leacheates of T. erecta has 
proved very effective against nematodes (Wallace, 1957) but it is 
least effective aginst fungi. This indictes specificity of the 
extracts towards the target orgainsm. ftbul-Fazal et. al. , (1987); 
Khan et_ al. , (19a9c, 1993) also obtained identical results with 
plant extract against seed—borne rnycoflora. There has been 
improvement in seed germination as a result of treatment of seeds 
with plant extracts which could in part be due to elimination of 
fungi adversely affecting the germination (Parveen, 1983; Khan et 
al., 1993) or in part be due to stimulatory effect of these on 
germination (Mahadevan, 1982). 
The antibiotics, fungicides and plant extracts adversely 
affect the growth of the fungus (ft. t r i t i c i na) in vitro (Tables-
4.86. to 4.88.) with highest inhibition by Aureofungin (£000 ppm), 
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Deltori (1000 pprn) in amongst fungicides and latex of C. procera 
(100 per cent) in amongst plant extracts. Thus, the toxicity of 
Delton, appears to be more than ftureofungin. 
However, the possibility of the nature of different inert 
materials added alongwith various fungicides in the medium 
affecting the growth of P- trit icina can not be ruled out as the 
chemicals of technical grade were not available. 
Extracts of various plants have been reported from time to 
time adveresely affecting the fungi (Khan et_ al. . 1974; Rahber-
Bhatti, 19SS; Nene and Thaphliyal, 19&5,- Singh et. al.-, 19835 Khan 
et al., 1993). 
Although, it is too early to pinpoint the exact active 
principle(s) involved in the toxicity of plant extracts but it is 
presumed that plant extracts which normally contains compounds 
like alkaloids, flavonoids, phenols etc. might be acting as 
inhibitory to the fungi. Some of those compounds have been 
reported toxic to various microoragnisms (Chopra et_ al. , 1956, 
1965; ftra et. al_. , 1939; Singh et. ai. , 1990) etc. The inhibition in 
growth and elimination of surface mycoflora from seed could in 
part be due to the toxic nature of these compounds or their 
degradation products. 
In view of both seed-borne and air-borne nature of the 
causal organism, seeds have been treated with plant 
extracts/chemicals followed by the spray. Seed treatment with 
latex of C. procera, ftureofungin and Delton followed by sprays 
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with fungicides result in significant reduction in the incidence 
of Q. trit icina (Tables-4. 39. to 4.95.). ftmongst different 
schedules of spray and seed treatment tested, seed treatment with 
flureofungin together with four sprays with Delton gives highest 
reduction in disease development <Table-4.95,). 
To summarize it cari be concluded that ft. trit icina is 
widely distributed in western Uttar Pradesh. It is a deep seated 
fungus in the seeds with the presence of fungus in all the 
components of seeds. It requires high relative humidity and a 
temperature of ££.5 C at the time of incubation foY'^  optimum 
disease development. Boot stage of the gt^owth of plant is most 
susceptible to infection and the infection has been more on older 
leaves than younger leaves. Iri vitro studies of the fungus 
indicated that fructose for growth and glucose for sporulation; 
nitrates are prefev^ over ammonium group of compounds; primary 
amino acids are prefer over secondary and teritiory amino acids: 
•potassium monohydrogen phosphate in amongst phosphorus sources 
exhibited maximum growth and sporulation. There has been reduction 
in the amino acid content and sugar in plants infected with the 
fungus with more reduction in susceptible than resistant plants. 
Extracts of plants including the latex of C. procera were as 
effective as treatment of fungicides in reducing the per cent 
frequency and minimizing the mycoflora, inhibiting the radial 
growth of the fungus and at the same time in improving the 
199 
germ iriat ion of seeds and a combination of seed treatment with 
ftureofungin and spray with Delton proved to be best against fi. 
trit icina. 
CHftPTER: VI 
SUMMfiRY 
1. Out of five districts surveyed for the incidence of ft-
trit icina on wheat, highest incidence was recorded in Badaun. Of 
the surveys for the incidence of disease made for three 
consecutive year, the incidence of the disease was maximum during 
the years 1989—90 whey^e rainfall was high. 
£. Examination of seeds by dry seed method revealed the presence 
of seeds of certain angiosperms besides some inert material while, 
wet washing tests indicated the presence of spores of fungi like 
fllternarla alternata, P. chrysanthemi, fl. trit icina, flsperqi11 us 
flavus, Q. niqer, Co11etotr ichum demat ium, Neovossia indica etc. 
3. Two standard methods of isolation were used. Blotter method 
proved to be best for the most of the fungi except, fi. trit icina 
for which agar plate method was found to be best. fl. t r i t i c i na was 
isolated from all the collections except, from the seeds of ML—61. 
There were both qualitative and quantitative differences in 
mycoflora of seeds from different localities. During the 
isolations, members of Deuteromycetes dominated. Of the different 
genera of this group of fungi, large number of species of 
flsperq il lus and Penici 1 1 iurn were recorded. However^, the frequency 
of different fungi differed with different collections of seeds. 
Treatment of seeds with sodium hypochlorite eliminated some of the 
fungi and also reduced the frequency of those isolated as compared 
to untreated seeds. However, the frequency of A. trit icina 
increased in some cases, ftcremonium vit is. flsperqi11 us clavutus. 
Clin VI i n q h a rn g; 1 1 a e c h i ma l a t a e^nd N i q r o s p o r a s t a t e o f Khu.sk l a o r y zae 
w e r e i r i t e r - c e p t e d f o r t h e f i r s t t i n ' i e f r o m w h e a t s e e d s -
4 . I s o l a t i o n s o f O. t r i t i c i n a f r o m d i f f e r e n t c o r n o o n e n t s o f see- :5 
i _ i r indicated thsit it is located in all parts of the seeds 
but the frequency was highest from embryo. The fungus penetrated 
directly, arid through stomata and wounds. It survived tnrough 
seeds and debris left in the fields. The longevity of the funcus 
was more inside the seeds. A relative humidity of 100 per cent s.r-.d 
a temperature E'2. S'-'C during incubation were favourable for tne 
development of disease. 
5- Highest development of disease was observed on lower leaves and 
at boot stage of the growth. Pis a result of infection changes were 
observed in amino acid and sugar contents of the plants. 
6. Studies on growth of the fungus in the culture medium indicated 
that a nutrient medium supported the growth. Fructose proved to 5e 
the best for growth of the fungus while, glucose for sporulation. 
Of the different sources of nitrogen tested, by and large, tne 
nitrate nitrogen supported the growth and sporulation. In amongst 
the organic sources of nitrogen, both growth and sporulation was 
highest in the medium containing L~glutamic acid. Potassium 
sulphate as sulphur sources and Potassium monohydrogen phosphate 
amongst phosphorus sources also supported the growth and 
sporulation of the fungus. (Although, vitamins are not required for 
growth and sporulation but medium supplemented with vitamins 
improved the growth and sporulation. Highest growth and 
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sporulat ion was observed in med i urn fortified with thiamine. The 
growth and sporulation waxs also highest when plates were incubated 
in continuous darkness and in the medium adjusted to pH 5.0-7.0. 
The fungus grew well at a temperature of ££. 5'^ C and a 100 per cent 
relative humidity. 
7. flureofungin (amongst antibiotics), Ogallol (amongst fungicides) 
and latex of Calotropis procera (amongst plant products) proved to 
be best not only in reducing the number and per cent frequency of 
fungi but also improving the germination of seeds. 
8. Different fungicides and plant products when incorporated in 
the medium inhibited the growth of the fungus to a varying degree. 
The highest inhibition was observed in the medium containing 
flureofungin, Delton and latex of C. procera. 
9. Seedlings raised from the seeds treated with Cuman, Delton, 
Dithane M-45, Thiram, flureofungin and latex of C. procera were 
sprayed with Cuman, Delton, Dithane M-45 and Thiram in different 
combinations. Of these a combination of flureofungin as seed 
treatment followed by spray with Delton proved to be best against 
fl. triticina. 
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Appendix:1 
Media composition: 
ftsthana and Hawker medium; 
Gl Licose 5. 0 g 
Potassium nitr^ate 3.5 g 
Potassium dihydrogen phosphate 1.75 g 
Magnesium sulphate 0.75 g 
ftgar 15.0 g 
Distilled water 1.0 lit 
ftsparagine o>~ Synthetic: mucoi- aoai~ mediunns 
Dextrose 40.0 g 
flsparagine £.0 g 
Potassium dihydrogen phosphate 0.5 g 
Magnesium sulphate 0. £5 g 
Thiamine chloride O.OOSg 
ftgar 20.0 g 
Distilled water 1 lit 
Czapek (Pox) agar- mediums 
Sodium nitrate 
Potassium dihydrogen phosphate 
Magnesium sulpahte 
Potassium chloride 
Ferrous sulphate 
Sucrose 
Ogar 
Zinc sulphate 
Copper sulphate 
Distilled water 
C o m (maize) meal agar medium: 
Maize 30.0 g 
Agar 20.0 g 
Distilled water 1 lit. 
Emerson*s yeast phosphate starch medium: 
Soluble starch 
Yeast extract 
Potassium phosphate 
Magnesium sulphate 
Agar 
Distilled watev* 
s. 
1 . 
0 . 
0 . 
0 . 
3 0 . 
£ 0 . 
0 . 
0 . 
1 
0 
0 
5 
0 1 
0 
0 
0 1 
g 
g 
g 
g 
g 
g 
g 
g 
005 g 
l i t 
1 5 . 0 
4 . 0 
1 . 0 
0 . 5 
2 0 . 0 
1 
g 
g 
g 
g 
g 
l i t 
ft gar 20.0 g 
Zinc sulphate 0.01 g 
Copper sulphate O.OOSg 
Distilled water 1 litre 
(Onion, 1981) 
Corn <iwaize) meal agar' medium: 
Maize 30.0 g 
figar £0. O g 
Distilled water 1 litre 
Emerson's yeast phosphate starch medium; 
Soluble starch 15.0 g 
'Ditco' yeast extract 4.0 g 
Potassium phosphate 1.0 g 
Magnesium sulphate 0.5 g 
ftgar £0.0 g 
Distilled water 1 litre 
(Emerson, 1941) 
Glucose peptone agar meKJium; 
Peptone £.0 g 
Glucose 10.0 g 
Magnesium sulphate 0.5 g 
Potassium dihydrogen phosphate 0.5 g 
ftgar 15.0 g 
Distilled water 1 litre 
(Goos & tscherch, 196£) 
Blvceyol aspayqine aqay medium: 
Glycerol 10.0 g 
ftsparagirie 1.0 g 
Dipotassium hydrogen phosphate 1.0 g 
Agar £0.0 g 
Distilled water 1 litre 
Hayduk* 5 (solution) aaat~ medium; 
Dipotassium phosphate 1.0 g 
Magnesium sulphate 0.3£ g 
Asparagine 0.80 g 
Sucrose 80.0 g 
Distilled water 1 litre 
Agar 15.0 g 
(Thorn, 1930) 
H o m e artd Mittey*s medium; 
Glucose £.0 g 
Potato starch 10.0 g 
Asparagine S.0 g 
Potassium tribasic phosphate 1.25 g 
Magnesium sulphate 0.75 g 
Agar 15.0 g 
Distilled water 1 litre 
kauf-frnan* 5 anar mediums 
Maltrose 5.0 g 
Magnesium sulphate 0.10 g 
Calcium nitrate 0.50 g 
Potassium dihydrogen phosphate 0.£5 g 
figar 15.0 g 
Distilled water 1 litre 
Knopfs (solution) agar medium; 
Calcium nitrate 0.5 g 
Potassium nitrate 0. 1£5 g 
Magnesium sulphate O. 1£5 g 
Potassium phosphate O. 1£5 g 
Pervious chloride 0.005 g 
Distilled water 1 litre 
Agar 15.0 g 
Kuchney*s basal (liquid) agar wediurn; 
Dextrose £0.0 g 
ftsparagine £.0 g 
Potassium dihydrogen phosphate 1.5 g 
Magnesium sulphate 0.5 g 
Calcium chloride 0.33 g 
fimmonium sulphate 2.0 g 
Potassium iodide 0.1 g 
Double distilled water 1 litre 
(Kuchner, 1951) 
Leonian aoar iwediuwi: 
Potassium dihydrogen phosphate l.£ g 
Magnesium sulphate 0.6 g 
Peptone O. 6 g 
Maltose 6.0 g 
Malt extract 6.0 g 
Agar 20.O g 
Distilled water 1 litre 
(Bonar's modification) 
Malt extract agar medium; 
Malt extract 20.0 g 
Pigar £0. O g 
Distilled water 1 litre 
Mivieral salt agar medium 
Potassium dihydrogen phosphate 0.7 g 
Dipotassiurn hydrogen phosphate 0.7 g 
Magnesium sulphate 0.7 g 
flmmonium nitrate 1.0 g 
Sodium chloride 0.005 g 
Ferrous sulphate 0.002 g 
Zinc sulphate 0.002 g 
Magnese sulphate 0.001 g 
ftgar 15.0 g 
Distilled water 1 litre 
(Bark et. al.. , 1957) 
Wash and Svndey PCNB MEDIUM; 
Difco peptone 15.0 g 
Potassium dihydrogen 1.0 g 
Magriesium sulphate 0.5 g 
Streptomycin 300 p. p. rn. 
Penta chlorornitro benzene 1.0 g 
Agar £0,0 g 
Distilled water 1 litre 
Pota-to dextrose aqay medium: 
Potato (Peeled) £00.0 g 
Dextrose £0. 0 g 
Agar 20.O g 
Distilled water 1 litre 
Potato sucrose agar* medium; 
Potato extract 50O rnl 
Sucrose 20.0 g 
Agar £0.O g 
Distilled water 500 ml 
Richarxl^s agair medium; 
Potassium nitrAte 10.0 g 
Potassium dihydrogen phosphate 5.0 g 
Magnesium sulphate 0.£5 g 
Fernic chloride 0.02 g 
Potato extract 10.0 g 
Sucrose 50.0 g 
Agar £0.0 g 
Distilled water 1 litre 
<Mclean & Cook, L941) 
SabouyE>d dextrose agar medium; 
Dextrose 40.0 g 
Peptone 10.0 g 
Agar- SO. 0 g 
Distilled water 1 litre 
Standard's nutrient aoar medium (Basal medium): 
ftsparagine 1.0 g 
Potassium hydrogen phosphate 1.36 g 
Magnesium sulphate 5.0 g 
Sodium carbonate 1.06 g 
Dextrose 5.0 g 
Agar £0.0 g 
Distilled water 1 litre 
(Prabhu and Prasada, 1967) 
Tap water agar medium; 
Agar 15.0 g 
Tap water 1 litre 
Soil extract medium: 
Glucose 10.0 g 
Sodium nitrate 1.0 g 
Potassium hydrogen phosphate 1.0 g 
Agar 15.0 g 
Rose bengal 0.067 g <1:15000) 
Soil extract (loam) 1 litre 
(Smith and Dawson's medium) 
Wheat leaf ext>~act dextrose agar; 
Wheat leaf extract 100 ml 
Dextrose 40.0 g 
Rgar £0.0 g 
Potassium hydrogen phosphate 1.0 g 
Distilled water 900 ml 
Yeast extract agar Medium; 
Difco yeast extract 4.0 g 
Malt extract 10.0 g 
Glucose 4.0 g 
Agar £0.O g 
Distilled water 1 litre 
(Pridharn et. al. , 1957) 
